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COMPARISON  OF  MEASURED  ^^AGAT.ON 

M.  E.  Johnson  and  G.  D.  Gierhart1 
1.  INTRODUCTION 

Assignments  for  aeronautical  radio  in  the  radio  frequency 
spectrum  must  provide  reliable  services  for  an  increasing  air 
traffic  density  (18]. 2  Potential  interference  between  facilities 
operating  on  the  same  or  on  adjacent  channels  must  be  considered 
in  expanding  present  services  to  meet  future  demands.  Service 
quality  depends  on  many  factors  including  the  desired- to-unde- 
sired  signal  ratio  at  the  receiver.  This  ratio  varies  with 
receiver  location  and  time  even  when  other  parameters,  such  as 
antenna  gain  and  radiated  powers,  arc  fixed. 

The  IF- 77  (ITS - FAA- 1977)  propagation  model  described  in 
Section  3  was  developed  by  the  Institute  for  Telecommunication 
Sciences  (ITS)  under  sponsorship  ol  the  Federal  Aviation  Admin¬ 
istration  (FAA).  It  has  been  incorporated  into  ten  computer 
programs  that  arc  useful  in  estimating  the  service  coverage  of 
radio  systems  operating  in  the  frequency  band  from  0.1  to  20  GHz. 
They  may  be  used  to  obtain  a  wide  variety  of  computer -generated 
microfilm  plots  [20].  The  capabilities  and  input  requirements  of 
these  programs  arc  discussed  in  an  Applications  Guide  [21]. 

Extensive  comparisons  of  measured  data  with  predictions 
made  by  IF- 77  and  other  models  are  provided  in  Section  4.  They 
supplement  similar  comparisons  previously  provided  by  Smith  [36]. 
Because  they  are  so  voluminous,  the  Summary  and  Conclusions 
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Sciences,  National  Telecommunications  and  Information  Administra¬ 
tion,  U.S.  Department  of  Commerce,  Boulder,  Colorado  80303. 

References  are  listed  alphabetically  by  author  at  the  end  of 
the  report  so  that  reference  numbers  do  not  appear  sequentially 
in  the  text. 


have  been  placed  as  Section  2.  The  aeronautical  data  pool  from 
which  these  data  were  selected  is  discussed  in  Appendix  A.  A 
guide  to  the  abbreviations,  acronyms,  and  symbols  used  in  this 
report  is  provided  in  Appendix  B. 

2.  SUMMARY  AND  CONCLUSIONS 

Extensive  comparisons  of  measured  radio  propagation  data 
with  predictions  made  by  IF-77  and  other  models  are  provided. 
Data  from  four  sources  were  used.  This  includes  data  provided 
in  two  reports  (FAA-RD-75-165, I  [12]  and  OT/TRER  16  [26]),  data 
collected  utilizing  the  Midwest  Program  on  Airborne  Television 
Instruction  (MPATI)  aircraft  [13],  and  unpublished  data  obtained 
with  the  ITS  Radio  Spectrum  Measurement  System  (RSMS) .  A  sum¬ 
mary  of  the  data  used  is  provided  in  Tabic  1.  Only  those  paths 
for  which  the  IF-77  model  is  applicable  were  selected  for  com¬ 
parison.  For  example,  only  about  25  percent  of  the  paths  in 
OT/TRF.R  16  were  suitable  since  the  IF-77  model  is  not  applicable 
to  paths  with  two  horizons  formed  by  irregular  terrain  (Sec.  3). 
To  facilitate  additional  work  with  these  data  such  as  comparison 


Table  l.  Summary  of  Data  Used* 


Source 

Data  Type 

Paths 

Data  Hours 

FAA- RD- 75-165,1 
(Sec.  4.1) 

Ground-to-air 
(instantaneous  levels) 

28 

'  .  20 

MPATI 

(Sec.  4.2) 

Air-to-ground 
(hourly  medians) 

6 

4,130 

OT/TRF.R  16 
(Sec.  4.3) 

Ground-to-ground 
(hourly  medians) 

202 

866,000 

RSMS 

(Sec.  4.4) 

Ground  -  to  -  ground 
(hourly  medians) 

6 

167 

TOTALS 

242 

870,317 

Limited  to  the  paths  and  hours  used  for  comparison  with  pre¬ 
dictions  in  this  report. 
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with  predictions  made  by  other  models,  we  have  included  the 
actual  data  and  terrain  profiles  from  the  source  documents  as 

well  as  path  prediction  parameters. 

Except  for  the  Section  4.1  data,  the  data  sources  contained 
comparisons  with  predictions  made  using  models  other  than  IE-77. 
These  have  been  retained  so  that  IF-77  predictions  can  be  com¬ 
pared  with  both  data  and  predictions  using  other  models.  How¬ 
ever,  the  only  predictions  that  are  compared  with  all  data  are 
those  made  with  the  IF-77  and  Free  Space  models.  A  summary  of 
the  prediction  models  is  provided  in  Table  2. 

Statistics  for  the  difference,  AL,  between  prediction  and 
observation  arc  provided  for  the  data  of  Sections  4.2  through 
4.4.  Such  statistics  were  not  developed  for  the  Section  4.1 
data  because  (1)  sufficient  data  to  estimate  median  values  were 
not  available,  and  (2)  the  aircraft  antenna  pattern  is  unknown 
so  that  an  isotropic  aircraft  antenna  was  assumed  in  the  pre¬ 
dictions.  Composite  statistics  for  AL  arc  provided  in  Table  3. 

Conclusions  may  be  summarized  as  follows: 

(1)  Although,  as  previously  mentioned,  AL  statistics 
were  not  developed  for  the  FAA-RD- 75  - 165 ,1  data, 
the  comparisons  providcu  in  Section  4.1  indicate 
that  the  IF-77  model  provides  better  predictions 
than  the  free  space  model  even  when  linc-of- 
sight  conditions  prevail.  The  differences 
betwocn  measured  and  predicted  curves  would  be 
expected  to  be  less  if  the  aircraft  antenna 
pattern  could  have  been  included  in  the  predic¬ 
tions  in  place  of  the  isotropic  pattern  that  was 
assumed.  Furthermore,  the  data  consisted  of  a 
single  run  for  each  altitude.  It  would  have 
been  desirable  if  there  had  been  more  runs  to 
show  the  variability  of  data. 

(2)  Statistics  for  variability  of  the  data  were 
not  developed.  However,  a  visual  inspection 
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Table  2.  Summary  of  Prediction  Models 


Model 


Kgli 

mi 


Comments 


F.SSA  1970 
(25,  Sec.  3.51 


Used  in  Section  4.4  only.  The  F.gli  model  was 
developed  to  predict  land-mobile  radio  (LMR) 
base-to-mobile  coverage  areas.  Terrain  profiles 
are  not  used  so  that  more  complex  models  that 
require  such  information  would  be  expected  to 
yield  better  results. 

Used  in  Sections  4.3  and  4.4.  The  1:SSA  1970 
model  is  an  improved  version  of  the  Longlcy-Rice 
model  for  the  point-to-point  mode  where  terrain 
profile  information  is  used  to  determine  horizon 
parameters.  Predictions  made  with  it  in  Section 
4.3  used  the  same  formulation  for  variability  as 
the  TN  101  model. 


VC.C 

(8) 


Free  Space 
(33,  p.  2-7] 


Used  in  Section  4.4  only.  The  FCC  model  was 
developed  to  predict  LMR  base-to-mobile  coverage 
areas.  If  terrain  profile  information  is  avail¬ 
able,  more  complex  models  that  utilize  it  would 
be  expected  to  yield  better  results. 

Used  in  Sections  4.1,  4.2,  4.3,  and  4.4.  Terrain 
and  atmosphere  are  neglected  in  the  Free  Space 
model  so  that  transmission  loss  between  isotropic 
antennas  depends  onlv  on  radio  frequency,  f  in 
MI!:,  and  ray  path  length,  r  in  km;  i.e.,  basic 
transmission  loss,  L^,  is  given  by 

Lbf  «  32.45  •>  20  log]0(fr)  dB 


< 


IF -77  Used  in  Sections  4.1,  4.2,  4.3,  and  4.4  and 

(21]  described  in  Section  3.  The  IP-77  model  was 

developed  to  accommodate  very  high  antennas 
(aircraft  or  satellite)  where  detailed  terrain 
information  for  the  highest  antenna  can  be  neg¬ 
lected.  It  can  be  used  for  paths  with  low 
antennas  that  are  1 ine-of -sight ,  smooth  earth,  or 
have  a  common  horizon.  This  model  has  much  in 
common  with  the  Longley-Rice  and  TN  101  models. 
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Table  2.  Summary  of  Prediction  Models 
(continued) 


Model 


Comments 


I.onglev-Ricc 

(241 


Used  only  in  Section  4.4.  The  Longley-Rice  model 
was  developed  to  predict  transmission  loss  in 
irregular  terrain.  It  has  an  "area  mode  '±n 
which  the  terrain  is  described  only  by  a  terrain 
irregularity  parameter  and  a  "point-to-point 
mode"  which  uses  path  profile  information  instead 
of  the  terrain  parameter  to  determine  horizon 
parameters.  Since  the  F.SSA  1970  model  is  an 
improved  version  of  the  point-to-point  mode,  only 
the  area  mode  was  used. 


0T/TR!:R  21 
(13,  App.  A] 


Okumura 

130] 


Used  onlv  in  Section  4.2.  The  OT/TRER  21  is  a 
version  of  ESSA  1970  that  was  modified  to  provide 
predictions  for  comparison  with  the  MPATI  data. 
This  involved  compensation  for  (1)  the  high  ele¬ 
vation  of  one  terminal  (MPATI  aircraft  at  6 
and  (2)  the  limited  duration  (between  9  a.m 
2  p.m.)  of  the  MPATI  transmissions  by  using 
block  formulation  for  variability  (33,  Sec. 


km) 

and 

a  t  ime 

10]  . 


Used  only  in  Section  4.4.  The  Okumura  model  was 
developed  to  predict  hasc-to-mobile  coverage 
areas.  For  such  an  application,  it  is  more  com- 
plox  than  the  Hpli  model  and  less  complex  than 
the  longlcv -Rice  model.  Although  it  does  include 
some  factors  based  on  terrain  profile  information, 
more  complex  methods  that  make  greater  use  of 
terrain  profile  information  would  be  expected  to 
yield  better  results  when  such  information  is 
aval lablo . 


TN  101  Used  only  in  Section  4.3.  The  TN  101  model 

[33]  involves  using  the  most  appropriate  of  several 

methods  provided  in  Technical  Note  101.  This 
model  is  expected  to  provide  good  results  for 
ground-to-ground  paths  when  terrain  profile 
information  is  available,  but  is  not  expected  to 
do  as  well  on  1 ine-of - sight  paths  as  ESSA  1970. 


S 


f  3 1 

v  ’  Compiled  using  AL  statistics  for  different  data  sources; 
i.c.,  MPATI  (Table  6),  OT/TRFR  16  (Table  7),  and  R5MS  (Table  10) 


f  h  1 

1  ]  Determined  using  median  basic  transmission  loss,  I-  in  dB, 
or  median  received  power  levels,  PR  in  dBm;  i.e., 

AL  -  L^n(prcdicted)  -  Ljjm(observed)  ■  PR(obscrved) 

-  PR(predicted)  dB 

The  mean  AL  for  the  193  paths  involved  is  ST.  Only  193  of  the 
2*2  paths  used  had  median  values  for  the  data. 

£  c  ^ 

The  A I.  value  (sign  included)  corresponding  to  the  maximum 
absolute  value  of  AL  encountered.  This  statistic  picks  out  the 
worst  AL's  encountered.  The  first  two  identify  data  that  are 
difficult  to  explain  with  anv  of  the  models  tested,  and  the  last 
one  is  a  case  where  free  space  is  simply  a  poor  model  since  a 
transhorizon  path  is  involved. 

^  The  path  number  for  the  path  with  MAX | AL | . 

^  The  best  model  of  those  tested  for  the  different  data 
RSMSC(IF-77)*’  MPATI  C°T/TRnR  21^  OT/TRER  16  (ESSA  1970),  and 


of  the  comparisons  indicate  that  the  variability 
formulation  of  the  IF-77  model  does  a  good  job 
in  most  cases;  i.e.,  the  shapes  are  in  good 
agreement.  In  a  few  specific  cases  the  TN  101 
variability  formulation  (also  used  for  ESSA 
1970)  provides  better  agreement  with  the  data, 
and  for  a  few  the  opposite  is  true  (see  Sec.  4.3 
discussion) . 

(3)  The  Free  Space  model  was  always  among  the  worst 
predictors.  This  is  as  expected  since  only  a 
few  of  the  paths  involved  were  1 ine-of-sight 
with  good  terrain  clearance. 

(4)  The  IF-77  model  provided  the  best  predictions 
for  the  ground-to-air  data  of  Section  4.1  and 
the  ground-to-ground  data  of  Section  4.4.  It 
was  second  best  for  the  air-to-ground  data  of 
Section  4.2  (OT/TRER  21  was  best  of  three)  and 
ground-to-ground  data  of  Section  4.3  (ESSA  1970 
was  best  of  four).  Hence,  it  was  always  one  of 
the  best  two  models  and  provided  predictions 
better  or  nearly  as  good  as  the  other  models 
tested. 

(5)  The  IF-77  model  has  a  wide  range  of  application 
and  provided  predictions  compatible  with  the 
more  specialized  models  tested  for  the  data 
provided  here.  However,  these  comparisons  did 
not  include  applications  such  as  air-to-air  or 
ground-to-satellite  paths,  and  these  additional 
comparisons  would  be  desirable. 

3.  THE  IF-77  PROPAGATION  MODEL 

During  1960-1973,  an  air/ground  propagation  joodel  applicable 
to  irregular  terrain  was  developed  by  ITS  for  the  FAA  and  was 
documented  in  detail  (15).  This  IF-73  (ITS-FAA-1973)  propa¬ 
gation  model  has  evolved  into  the  IF-77  model  which  is  applica¬ 
ble  to  air/ground,  air/air,  ground/satcllite ,  and  air/satellite 
paths.  It  can  also  be  used  for  ground/ground  paths  that  are 


line-of-sight ,  smooth  earth,  or  have  a  common  horizon.  Model 
applications  are  restricted  to  telecommunication  links  operating 
at  radio  frequencies  from  about  0.1  to  20  GHz  with  antenna 
heights  greater  than  1 .  1>  ft  (0.5  m) .  In  addition,  the  elevation 
of  the  radio  horizon  must  be  less  than  the  elevation  of  the 
higher  antenna.  The  radio  horizon  for  the  higher  antenna  is 
taken  either  as  a  common  horizon  with  the  lower  antenna  or  as  a 
smooth  earth  horizon  with  the  same  elevation  as  the  lower  antenna 
effective  reflecting  plane  (15,  Sec.  A. 4.1.].  Input  parameters 
for  I F  -  7  7  are  summarized  in  Table  4  and  discussed  in  the  Appli¬ 
cations  Guide  [21,  Sec.  4]. 

At  0.1  to  20  GHz,  propagation  [2,  4,  9,  10,  32]  of  radio 
energy  is  affected  by  the  lower,  nonionized  atmosphere  (tropo¬ 
sphere),  specifically  by  variations  in  the  refractive  index  of 
the  atmosphere.  Atmospheric  absorption  and  attenuation  or 
scattering  due  to  rain  become  important  at  SHF  [15,  Sec.  A. 4. 5; 
22,  Ch.  7;  33,  Ch.  3;  35].  The  terrain,  along  and  in  the  vicin¬ 
ity  of  the  great  circle  path  between  transmitter  and  receiver, 
also  plays  an  important  part.  In  this  frequency  range,  time  and 
space  variations  of  received  signal  and  interference  ratios  are 
best  described  statistically  [29;  33,  Sec.  10]. 

Conceptually,  the  model  is  very  similar  to  the  Longlcy-Rice 
[24]  propagation  model  for  propagation  over  irregular  terrain, 
particularly  in  that  attenuation  versus  distance  curves  calcu¬ 
lated  for  the  (a)  line-of-sight  [15,  Sec.  A. 4. 2],  (b)  diffraction 
[15,  Sec.  A. 4. 3],  and  (c)  scatter  [16,  Sec.  5]  regions  are 
blended  together  to  obtain  values  in  transition  regions.  In 
addition,  the  Longley-Rice  relationships  involving  the  terrain 
parameter,  Ah,  are  used  to  estimate  radio  horizon  parameters 
when  such  information  is  not  available  from  facility  siting  data 
[15,  Sec.  A. 4.1].  The  model  includes  allowance  for 

(a)  average  ray  bending  [4,  Eqs .  3.44,  3.43,  4.30; 

5;  15,  p.  44;  33,  Sec.  4], 

(b)  horizon  effects  [15,  Sec.  A. 4.1], 

(c)  long-term  fading  [15,  Sec.  A. 4;  16,  Sec.  5;  33, 

Sec.  10] , 


Table  4 


Input  Parameters  for  IF-77 


"till 

»  facility  horison  height. 

»  l.S  ft  (0.1  ■)  above  f»». 
0.1  to  20  Ctts . 

owing  paraaatots  it  option*!  — 


Aircraft  (or  higher)  antanna  height  sbov* 
moan  *••  Uv*l  (■»!)' 
racilitv  (or  lower)  antonn*  Haight  above 
facility  oit#  surface  (f»»). 

frequency 

_ _ _ - — specification  of  th*  foll< 

Aircraft  antanna  tvp#  option*. 

Polarisation  option!. 

Tracking  options. 

Effective  raflaction  surface  elevation  abova 

•*t . 

Equivalent  isotropically  radiated  power, 
facility  antanna  tvp*  optioaa. 

Counterpoise  dlanatar. 

Haight  abova  fts. 

Polarisation  options 
Tracking. 

Cain,  receiving  antanna  (main  bean). 
Transmit ing  antanna  (main  baan). 
Transmitting  antanna  location. 

Horison  obstacla  distance  fron  facility- 

Elevation  angl#  abova  borl sontal  a* 
facility 

Haight  abova  asl. 

lonospharlc  scintillation  options. 

Rain  attanuat ion  option*. 

tafracttvity  option*. 

Effective  north's  radius. 

Or  minimum  monthly  sou, 

Surfaca  rafloctlon  loblng  option*. 

Surfaca  tvp*  option*. 

S*a  *t at*. 

Or  rat  wav*  halght,  ofc. 

Taoparatura 

Tarrain  alavatlon  abova  ntl  at  facility. 

Parana  tar,  ah. 

T  1st  availability  option*. 

Clinatas. 

Or  t in*  blocks. 


Isotropic*  or  as  specified. 

Mon*,  identical  ulth  facility. 

Directional*  or  tracking. 

At  fts*  or  a  specified  vslu*. 

0.0  dW*  or  spec i find. 

Isotropic*  or  at  specified. 

0*  to  SOP  ft  < 1 S 2  n) . 

0*  to  100  ft  ()S2  m) . 

Hor l sontal ,*  varticsl,  or  circular. 
Diractiomal*  or  tracking. 

0*  to  60  d!i. 

0*  to  *0  dBi . 

Aircraft  or  facility*. 

from  0.1  to  J  t ima*  smooth  earth  horison 

distuc*  (calculated*!  . 

<  12  dag  (calculated*) . 

0*  to  IS  .000  ffmtl  (4S72  m-nal)  ud  i  air¬ 
craft  altitude. 

No  scintillation*  or  specified  by  indo*  group. 
Nona*  or  computed  using  attenuation  rat*  or 
rain  son*. 

*010  te  *070  n  ni  (7*27  to  11.242  km). 

200  te  *00  N-uaitt  (SOI  N-unlts*). 

Contributes  te  variability*  *r  determine* 
aadlaa  level. 

Pur,  average*  or  i**d  ground,  fresh  or  sen 
voter,  concrete,  natal. 

0  te  f. 

0  te  1*4  n  (SO  ft). 

0,  10,*  or  20*C. 

o*  te  11,000  ft-ntl  (4172  n-msl) . 

0*  or  greeter. 

Per  inttantueou*  level*  eiceeded*  or  for 
hourly  median  levels  eiceeded. 

Continental  ail  year*  or  seven  ether*. 

1  through  g,  summer,  * Intar. 


'values  or  optiu*  that  mill  be  assued  vhaa  specific  designations  ere  net  made  ere  flagged 
by  asterisks. 


(d)  antenna  patterns  [16,  Sec.  3.4;  21,  Sec.  4], 

(e)  surface  reflection  multipath  [6;  7;  14,  p.  17, 

IS,  Sec.  A. 6;  16,  Sec.  3;  17,  Sec.  CI-D.7], 

(f)  tropospheric  multipath  [3;  14,  Sec.  3.1;  15, 

Sec.  A. 7;  19;  23,  pp.  60,  119,  B-2] , 

(g)  atmospheric  absorption  [15,  Sec.  A.4.S;  33,  Fig. 

3.1], 

(h)  ionospheric  scintillations  [1;  14,  Sec.  2.5;  16, 

Sec.  4.S;  17,  Sec.  CVII;  31;  37],  and 

(i)  rain  attenuation  [9,  27,  35]. 

The  model  is  an  extended  version  of  the  model  previously 
described  in  detail  by  Gierhart  and  Johnson  [IS,  Sec.  A].  These 
extensions  include  provisions  for 

(a)  sea  state  [16,  Sec.  3.1], 

(b)  a  divergence  factor  [16,  Sec.  3.2;  34], 

(c)  a  ray  length  factor  for  situations  where  the 
frec-space  loss  associated  with  a  surface  reflected 
ray  may  be  significantly  greater  than  that 
associated  with  the  direct  ray  [16,  Sec.  3.3J, 

(d)  an  antenna  pattern  at  each  terminal  [16,  Sec. 

3.4], 

(c)  circular  polarization  [16,  Sec.  3.5], 

(f)  frequency  and  temperature  variations  or  the  com* 
plex  dielectric  constant  of  water  [16,  Sec.  3.S], 

(g)  long-term  power  fading  as  a  function  of  radio 
climatic  region  [16,  Sec.  4.3;  28,  Sec.  4.4.25] 
or  time  block  [16,  Sec.  4.2], 

(h)  rain  attenuation  [16,  Sec.  4.4], 

(i)  ionospheric  scintillation  [16,  Sec.  4.5], 

(j)  an  improved  method  for  calculating  the  transmis¬ 
sion  loss  associated  with  tropospheric  scatter 
[16,  Sec.  5] , 

(k)  an  aircraft  antenna  pattern  [16,  Sec.  10.1], 
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(l)  ray  elevation  angle  adjustment  factors  to  allow 
for  ray  tracing  [16,  Sec.  10.2], 

(m)  antenna  tracking  options  [16,  Sec.  10.3], 

(n)  an  improved  estimate  of  the  distance,  (dQ)  ,  where 
horizon  effects  can  be  neglected  [16,  Sec.  7], 

(o)  a  frec-space  loss  formulation  that  is  applicable 
to  very  high  antennas  (16,  Sec.  8],  and 

(P)  a  formulation  for  facility  horizon  determinations 
that  includes  ray  tracing  (16,  Sec.  9.2]. 

4.  COMPARISON  OP  DATA  WITH  PRKDICTIONS 

Many  comparisons  of  data  with  predictions  made  by  the  IF-77 
and  other  models  are  provided  in  this  section.  These  arc  blocked 
by  data  sources;  i.e.,  DOT  Report  FAA-RD-75- 165 ,1  data,  the  Mid¬ 
west  Program  on  Airborne  Television  Instruction  (MPATI)  data, 

DOC  Report  OT/TRf.R  16  data,  and  Radio  Spectrum  Measurement  System 
(RSMS]  data.  Information  on  extent  of  data  used  from  the  various 
sources  was  provided  in  Table  1  (Sec.  2);  i.e.,  number  of  paths 
and  hours.  Figures  are  grouped  at  the  end  of  each  section  by 
increasing  path  number.  These  figures  provide  path  parameter 
information  and  the  comparison  of  data  with  predictions. 

The  parameter  sheets  are  those  used  with  the  aeronautical 
data  pool  described  in  Appendix  A,  where  a  detailed  discussion 
of  the  parameter  sheet  is  included  (Sec.  A.l).  Metric  units  are 
used  exclusively  on  the  parameter  sheets,  but  F.nglish  equivalents 
can  easily  be  obtained  by  using  values  from  the  conversion  fac¬ 
tor  chart  provided  in  the  front  of  this  report.  Parameter  values 
are  those  given  in  the  data  source  or  are  estimates  (thought  to 
be  reasonable)  made  as  part  of  the  prediction  process.  Parameter 
values  are  flagged  when  they  are  not  taken  directly  from  the  data 
source  with,  perhaps,  a  simple  unit  conversion. 

Other  information  such  as  path  profiles  is  included  when  it 
is  available  in  the  data  source.  Profiles  are  presented  as  they 
were  provided  in  the  data  source.  Units  or  scales  were  not 
modified. 
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Comparisons  with  data  follow  the  path  descriptive  informa¬ 
tion  and  are  shown,  in  dost  cases,  as  curves  added  to  figures 
taken  directly  from  the  data  source.  Units  and  scales  associated 
with  the  data  source  figures  were  not  modified  so  that  English 
units  are  sometimes  used.  Metric  equivalent  values  or  scales 
are  not  shown  on  these  figures  but  are  given  on  the  parameter 
sheets.  Other  metric  values  can  easily  be  obtained  by  using 
conversion  factors  from  the  chart  provided  in  the  front  of  this 
report . 

4.1  FAA-RD*  75- 16S  ,1  DATA 

Predictions  made  with  v.he  I F - 7 7  and  Free  Space  models 
(Table  2)  are  compared  with  data  from  the  Department  of  Trans¬ 
portation  (DOT)  report  FAA-RD-?5-16S,I  [12]  in  this  section. 

These  data  were  collected  with  a  receiver  on  board  FAA  Flight 
Inspection  Aircraft  N-b7  in  the  vicinity  of  Chickasha,  Oklahoma. 
The  data  used  for  comparison  with  predictions  were  recorded  for 
approximately  20  hours  on  28  paths. 

Parameters  for  the  Very  High  Frequency  Omni  Range  (VOR)  and 
Instrument  Landing  System  (1LS)  localizer  (LOC)  transmitters 
involved  are  summarized  in  Figures  1  and  2,  respectively.  These 
parameters  were  estimated  from  information  given  in  the  report 
(12,  Fig,  2  and  S].  Parameters  for  the  various  paths  are  similar 
except  for  path  number,  path  code,  aircraft  altitude,  and  sta¬ 
tion  separation  when  it  is  applicable  (Figs,  19  through  30). 

These  parameters  arc  summarized  in  Table  S.  All  predictions 
provided  in  this  section  were  made  using  the  variability  option 
so  that  ground  reflection  multipath  is  included  in  the  predicted 
variability,  and  lobing  associated  with  the  ground  reflection  is 
not  allowed  to  influence  the  predicted  median  level  inside  the 
horizon  lobe  (Table  4).  Predictions  for  Figures  3  through  18 
were  made  with  program  ATOA,  while  those  for  Figures  19  through 
30  were  made  with  program  ADUDD  [21,  Table  1].  Figures  3  through 
10  are  for  VOR  transmissions,  and  Figures  11  through  18  are  for 
LOC  transmissions  where  the  data  are  receiver  input  in  microvolts 
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CMTittttl  uitk  (««r  significant  figures  fro»  uImi  |l»«»  In  feet  on  the  figures. 
CMTtrttf  with  two  ilplficut  figures  (roe  values  given  In  nautical  Biles  on  the  figures 


(1  yV  across  50  n  -  -137  dBW)  versus  aircraft-to-station  distance 
in  nautical  miles  (1  Nm  -  1.852  km).  Desired  (VOR)  to  undesired 
(LOC)  signal  ratios  (D/U)  versus  distance  from  the  undesired 
facility  data  are  given  in  Figures  19  through  30. 

Because  of  the  nominal  nature  of  the  parameters  used  for 
the  predictions,  which  include  an  assumed  isotropic  aircraft 
antenna,  comparisons  between  measured  and  predicted  values  are 
provided  only  by  the  addition  of  predicted  curves  to  the  copies 
of  graphs  from  FAA-RD-75-165,1  [12]  that  show  the  measured  data; 
i.e.,  statistical  comparisons  were  not  developed. 

A  better  comparison  between  predicted  and  measured  data 
would  have  been  possible  if  each  flight  had  been  repeated  several 
times.  Additional  data  for  each  flight  path  would  give  an  indi¬ 
cation  of  the  variability. 

Some  observations  concerning  these  comparisons  are  as 
follows : 

(1)  The  facility  antenna  patterns  used  in  the  predic¬ 
tions  have  a  null  (-18  dB)  for  elevation  angles 
near  90*  [21,  Fig.  45,  cosine  pattern].  This 
null  can  be  seen  in  the  I F - 7 7  and  Free  Space 
predictions  at  zero  distance  (e.g.,  Fig.  9). 

While  the  actual  facility  antenna  would  be 
expected  to  have  a  similar  characteristic,  it  is 
probably  masked  by  experimental  conditions  such 
as  time  constants  associated  with  the  recording 
instrumentation,  aircraft  location  uncertainty 
and  aircraft  antenna  gain. 

(2)  The  variability  mode  was  used  in  the  IF-77 
predictions.  This  causes  the  variability  to 
increase  in  the  region  where  terrain  reflection 
lobing  would  be  present  and  neglects  such  lobing 
in  the  median  level.  Lobing  caused  by  counter¬ 
poise  reflection  is  included  in  the  median  only. 

Figure  9  illustrates  these  characteristics.  Also 
note  that  data  for  the  terrain  reflection  exceeds 


14 


the  free  space  level  by  more  than  the  maximum 
theoretical  amount  (6  dB)  for  a  single  reflection. 
Aircraft  antenna  gain  is  probably  responsible 
for  this  since  0  dB  gain  was  assumed  in  the 
predictions.  A  signal  level  lower  by  an  average 
of  5.5  dB  on  from  facility  flights  was  observed, 
and  only  those  data  for  to  facility  flights  were 
plotted  in  FAA*RD - 7 5 - 165 , 1  [12,  P*  • 

(3)  Agreement  between  data  and  predictions  seems  to 
decrease  with  increasing  altitude  (e.g.,  Figs.  3 
through  10).  This  is  because  the  variability  mode 
does  not  show  terrain  reflection  lobing  in  the 
median  level,  and  the  data  clearly  show  such 
lobing  (Fig.  9). 

(4)  For  a  fixed  aircraft  location  relative  to  an 
undesired  station,  an  increase  in  D/U  would  be 
expected  if  the  facility  separation  is  reduced 
because  the  distance  to  the  desired  facility  would 
be  less.  Both  the  data  and  predictions  follow 
this  expectation  in  that  D/U's  for  the  40  Nm 
facility  separation  set  (Figs.  19  through  24)  are 
less  than  those  for  the  25  Nm  separation  set 
(Figs.  25  through  30) . 

(5)  For  fixed  facility  separation,  fixed  aircraft  to 
undesired  facility  distance,  and  the  aircraft  near 
the  undesired  facility,  an  increase  in  D/U  would 
be  expected  as  aircraft  altitudo  increases  since 
an  improvement  in  terrain  clearance  for  the 

•  desired  facility  to  aircraft  path  would  usually 
increase  the  desired  signal  level.  Both  the  data 
and  predictions  usually  follow  this  expectation 
[Figs.  19  through  30) . 

(6)  The  comparisons  provided  in  this  section  indicate 
that  the  IF-77  model  provides  better  predictions 
than  the  Free  Space  model  even  when  line-of-sight 
conditions  prevail. 
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Figure  19.  Path  40017,  data  [10,  p.  D-1J. 


Figure  20.  Path  40018,  data  {10,  p.  D-2] 
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Figure  23.  Path  40021,  data  [10 
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25.  Path  40025,  data  [10,  p.  E-l] 


Figure  26.  Path  40024,  data  {10,  p.  E-2]. 
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4.2  MPATI  DATA 


Comparisons  of  predictions  made  with  the  1 1; - 7 7  model  and 
data  (13]  associated  with  airborne  television  transmission  of 
the  Midwest  Program  on  Airborne  Television  Instruction  (MPATI) 
are  presented  in  this  section.  These  air-to-ground  transmission 
loss  data  were  collected  at  four  receiving  sites  for  six  propa¬ 
gation  paths;  i.o.,  Allegan  (path  20001),  Cleveland  (paths 
20002,  20003,  20004),  Louisville  (path  20005),  and  Milwaukee 
(path  20006).  About  4130  hours  of  data  are  associated  with 
these  paths.  Statistics  for  the  difference  between  predicted 
and  observed  median  basic  transmission  loss  are  provided  in 
TaLle  6  for  three  propagation  prediction  models  and  four  path 
/'.^upings.  This  difference,  AL,  is  calculated  as  shown  in  Table 
3.  The  propagation  models  arc  IP-77,  Prec  Space,  and  the 
OT/TRPR  21  model,  which  were  described  in  Tabic  3.  Of  these, 
OT/TRPR  21  provides  the  host  predictions  for  all  paths  except 
the  1  ine -of - s ight  paths  (20004  and  20005)  where  IP-77  is  slightly 
better.  Prce  Space  is  the  worst  prediction  for  all  paths.  In 
terms  of  mean  Al.  magnitude,  |At.|,  the  OT/TRPR  21  and  iP-77 
predictions  agree  or  arc  1  dB  apart  for  all  groups. 

figure  31  provides  comparison  of  median  basic  transmission 
loss  distributions  as  measured  and  predicted  for  all  six  MPATI 
paths,  figures  32  through  41  show  path  profiles  and  parameters. 
These  figures  are  grouped  by  path  number  at  the  end  of  this 
section  as  shown  in  the  List  of  figures. 
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Figure  31.  Paths  20001  through  20006,  data  {13 
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Figure  32.  Path  20001 
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Figure  33.  Path  20001,  parameters  (13,  p.  69). 
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KILOMETERS  FROM  THE  RECEIVER 

ths  20002  through  20004,  profile  [13,  p.  12]. 
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Figure  35.  Path  20002,  parameters  (13,  p.  69]. 
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36.  Path  20003,  parameters  {13,  p.  69] 
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Figure  37.  Path  20004,  parameters  (13,  p.  69]. 
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KILOMETERS  FROM  THE  RECEIVER 
Figure  38.  Path  20005,  profile  [13,  p. 
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Figure  39.  Path  20005,  parameters  [13,  p.  69]. 


KILOMETERS  FROM  THE  RECEIVER 


Path  Humber:  _ _ JL  JL  iL  -2—  i_ 

Code  Number :  ±  ±  J_  ±  J- JL  JL  A-  JL  JL  i-  iL  2- L.  L-  L- 

Locatlon:  UontptUeA,  ImUom  -  Uilmukce,  W-ucortiot 

Data  type  905  hcuAltf  medians _ ,  Distance — HLj - .km*hrs — LZiJ - 

H  3 04  N-unlts,  a  S541  km.  Surface  type_^h  uxUe A. - 

s  -  .  ^  /<  t  i  km 

r  1 1  m*  t  e  continental  IcmpeAace - __ - -  - - - 

Frequency  ffg  HHz.  Transmitter  output _ 27JI - ,dl5W.  £IRP_35._2 - dBW 

Ah  0  m,  0 _ 0 _ mr  . 


Antenna  elevation  [m-msl] 
gain  (dBlJ,  main  beam 
height  (m] ,  above  site  surface 
line  loss  I dB ] 
polarization 

type 

Hor i zon  distance  [km] 
elevation  [m-msl] 
elevation  angle  [deg] 
locat Ion,  latitude 
long! tude 
Path  bearing 

elevation  [m-msl] 

Other  information: 


Tran  vmi t  ter  Receiver 

6400 _ _  »9.) 

_  8.2 _ _ 

61 


H _  H _ 

_  Com xca  Rc&lf-cton 

_ 319.8 _ 

176.8 _ 


42°32'U _ 43°0S,24,,H 

~86°1  7'W  _  87°  64'  OV'li) 


198.1 


OT/TRER  21 


Figure  41.  Path  20006,  parameters  [13,  p.  69]. 
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Table 

7.  Paths 

10031  through 

1244b  AL  Statistics 

Mode  l  ^ a  ^ 

Al.^ 

MAX  1 AL | 

Path 

i  m__ 

(db) 

!  dB] _ _ 

No. 

. All  181 

Paths  ^  ^ . 

l-SSA  1970 

-  3 

8 

-34 

11998 

l  Y  ■■  7  7 

-  s 

0 

-32 

11978 

TN  101 

9 

-33 

123SO 

Tree  Space 

-  3b 

2b 

---The  77  line- 

-9b 

of -sight  paths . 

10260 

|*SSA  1970 

0 

8 

21 

10299 

I  V  -  7  7  1 

-  b 

8 

-32 

11978 

TN  101 

- 12 

10 

-  35 

12350 

free  Space 

- 12 

n 

The  104  beyond- 

-32 

the  -  ho r i ton  paths  ■ 

11978 

TN  101 

-  4 

7 

*  2  2 

12179 

11-77 

-  5 

9 

-30 

11998 

i:SSA  1970 

-  5 

•? 

-34 

11998 

free  Space 

-S3 

19 

-9b 

10260 

(a)  Models  arc  ordered  uv  their  ability  to  provide  good  pre¬ 
dictions  for  these  paths  with  the  best  predictor  listed  first. 
Mere,  ordering  is  based  on  equal  weights  for  AT.,  an‘*  W A X | A L |  . 

Difference  between  predicted  and  observed  median  basic 
transmission  loss  (Table  3).  The  mean  AL  is  Al.. 

Sample  standard  deviation  of  A'.. 

The  Al,  value  (sign  included)  corresponding  to  the  maximum 
absolute  value  of  AL  encountered.  This  statistic  picks  out  the 
worst  AL’s  encountered.  They  may  indicate  poor  data  as  \*ell  as 
p jgt  predictions  or  simply  that  the  model  was  not  appropriate 
for  the  path;  c.g.,  Tree  Space  for  beyond-the-hori zon  paths. 

The  path  number  for  the  path  with  MAX;ai,|. 

Of  the  202  paths  for  which  predictions  were  made,  only  181 
could  be  used  in  this  analysis  since  21  do  not  have  values  for 
I, I  (observed)  . 
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4.3  OT/TRER  16  DATA 


Comparisons  of  predictions  made  with  the  IF-77  model  and 
data  from  DOC  Report  OT/TRER  16  are  given  in  this  section. 
Transmission  loss  measurements  for  nearly  800  point-to-point 
tropospheric  ri'dio  propagation  paths  are  summarized  in  OT/TRER 
lb  (25].  Many  of  these  are  not  suitable  for  comparison  with 
predictions  made  with  the  IE-77  model  since  the  IF-77  model  is 
not  applicable  to  paths  with  two  horizons  formed  by  irregular 
terrain  (Sec.  3).  However,  the  202  paths  presented  here  were 
found  to  have  parameters  appropriate  for  the  IF-77  model  com¬ 
parisons.  These  paths  provide  about  866,000  hours  of  data 
(Table  1)  . 

Statistics  for  the  difference  between  predicted  and  observed 
median  basic  transmission  loss,  AL,  are  provided  in  Table  7  for 
four  propagation  prediction  models  and  three  path  groupings; 
i.e.,  all  paths,  1  ine-of -sight  paths,  and  beyond-thc-horizon 
paths.  The  propagation  models  used  are  IE-77,  ESSA  1970,  Free 
Space,  and  TN  101  (Table  2),  where  predictions  for  the  ESSA  1970 
and  TN  101  models  are  as  provided  in  OT/TRER  16.  Of  these,  ESSA 
1970  provides  the  best  predictions  for  all  groups  except  the 
beyond-thc-horizon  group  where  TN  101  and  IF-77  arc  slightly 
better.  In  all  three  groups,  IE-77  is  the  second  best  predictor, 
and  Free  Space  is  the  worst  predictor.  In  terms  of  mean  AL,  the 
1  ine -of - s ight  group  has  the  most  spread  between  prediction 
methods  where  2X  values  of  0,  -6,  and  -12  dB  were  obtained  using 
the  ESSA  1970,  IE-77,  and  TN  101  models,  respectively. 

Figures  42  through  354  show  path  parameters,  path  profiles, 
and  comparisons  of  data  with  predictions.  Sometimes  predictions 
made  with  two  or  more  models  coincide  and  the  lines  are  put  one 
on  top  of  the  otht  an  the  graphs.  Frequency,  f,  and  antenna 
heights,  H,  -  ,  above  ground  are  given  on  the  profiles.  The 

*  I 

figures  arc  grouped  by  path  number  at  the  end  of  this  section, 
as  shown  in  the  List  of  Figures.  Path  numbers  shown  with  the 
data  are  those  of  OT/TRER  16  which  may  be  obtained  by  subtracting 
10000  from  the  path  number  used  in  this  report.  For  example, 


path  number  10031  used  in  the  caption  of  Figure  42  corresponds 
to  the  Report  OT/TRKR  16  path  number  of  31  which  is  used  with 
the  data  in  Figure  42. 

Predictions  for  the  TN  101  and  HSSA  1070  models  provided 
with  the  data  in  OT/TRF.R  16  are  still  shown  on  the  figures. 
Predictions  resulting  from  use  of  the  IF- 77  model  arc  shown  with 
the  data  as  lines  of  large  dots  (i.e.,  )  and  designated 

"FAA.”  Marks  indicating  free  space  basic  transmission  loss 
level  have  been  added  to  the  data  graph  as  a  long  dash(es) 
located  in  the  right  margin  and  designated  "F.S."  When  one 
graph  may  be  applicable  to  more  than  one  path,  F.S.  is  followed 
by  a  path  number;  i.e.,  F.S.  352  implies  free  space  level  for 
path  3S2  (using  the  OT/TRFR  lft  notation).  If  the  free  space 
level  is  beyond  the  range  of  the  graph,  the  free  space  loss  is 
given  followed  by  F.S.  at  some  arbitrary  location;  i.e.,  152.6  dli 
F.S. 

Some  observations  concerning  these  comparisons  are  as 
fol lows : 

(1)  The  same  terrain  profile  may  be  applicable  to 
several  paths  when  a  path  parameter  other  than 
terrain  is  varied.  For  example,  paths  10187  through 
10191  (Figs.  52  and  55)  involve  a  single  profile 
and  five  frequencies.  Other  similar  situations 
occur  many  times;  c.g..  Figures  59,  62,  66,  etc. 

(2)  The  measured  loss  for  the  knife-edge  diffraction 
path  of  Figure  174  (path  11998)  seems  excessive, 
and  some  conversion  error  in  recording  the  data 
is  suspected  (A.  0.  l.ongley,  NTI A ,  informal  com- 
municat  ion) . 

(3)  Variability  about  the  median  for  the  HSSA  1970 
and  TN  101  always  agree  because  the  TN  101 
formulation  was  used  in  both  predictions  (Table 
2).  The  variability  for  the  IF-77  is  usually 
similar  because  variability  formulation  used  in 

1  it  evolved  from  TN  101  methods,  but  significant 
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differences  can  occur.  For  example,  the  differed 
between  IF-77  and  TN  101  variability  shown  in 
Figure  248  occurs  because  the  TN  101  method  used 
is  a  special  formulation  for  knife-edge  diffrac¬ 
tion  puths  that  involves  the  convolution  of 
variabilities  for  path  segments  on  either  side  of 
the  knife-edge  (33.  Sec.  10.8].  Although  this 
more  complex  formulation  can  give  better  results 
for  some  specific  knife-edge  paths,  it  is  no 
longer  recommended  for  general  application  to 
knife-edge  paths  (A.  0.  l-ongley,  NTIA,  informal 
common icat ion) . 

The  TN  101  variability  formulation  can  predict 
signal  levels  that  are  too  high  with  respect  to 
free  space,  and  the  IF-77  formulation  includes 
factors  to  avoid  this  difficulty  IIS,  p.  40]. 
This  is  illustrated  by  the  predictions  shown  in 
Figure  32  5  . 
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Figure  42.  Path  1 0 ' 3 1 #  profile  and  predictions. 
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Figure  43.  Path  10031,  parameters 
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Figure  45 


Path  10035,  parameters. 
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Figure  46.  Path  100S7,  profile  and  predictions. 
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Figure  47.  Path  10057,  parameters. 
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Figure  49.  Path  10059,  parameters. 
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Figure  SI.  Path  10092,  parameters. 
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Figure  53.  Path  10187,  parameters. 
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Figure  S4.  Path  10188,  parameters 
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Figure  55.  Paths  10189  through  10191,  predictions 
(see  Figure  52  for  profile) 
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Figure  S6.  Path  10189,  p*ra»eters 
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Figure  57.  Path  10190,  paraaeters 
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Figure  58.  Path  10191,  parameters 
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Figure  60.  Path  10192,  parameters 


Path  Number: _ J) _ J _ 9  3 

Code  Number:  j_  jL,  .L  ±±±±  ±±±±  1111 

Location:  Couptand,  Florida  -  Eg  tot  Moot  Base,  Florida 

Data  type  774  houKly  mtdiAtiA  Distance  1l»6  km.h 
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Figure  61.  Path  10193,  parameters 
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Figure  64.  Path  10195,  parameters 
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Figure  65.  Path  10196,  parameters 
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Figure  67.  Path  10197,  paraaeters 


Path  Number: _ 1__  0  1  9  t 

Code  Number:  J_  i_  j£Z _ l  _fi  _J  _J  i_  JL  -L  .L 

Location:  UagneA,  floKida  -  Eg  tin  UcUn  Base,  ftoAida 

Oata  type  161  housUy  mediant  ,  Dl  stance__J^_5 _ km. hr  14,3 

Mfl  N-un Its,  a  qofl  km.  Surface  type  aueMage  gamutd 

Climate  continental  t<unpe\&te _ de _ 
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Figure  68.  Path  10198,  parameters. 
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Figure  69.  Paths  10199,  11800,  and  11801,  predictions, 
(see  Figure  66  for  profile) 


Path  Number:  _ _ 1_  _0  _1_  _9  9 
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location:  UagneA,  Ftoxida,  -  Eg  tin  UcUn  Bme,  FtcKida 

Datatype  771  houMy  median*  .Distance  27.5  ^.h  14 
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Figure  70.  Path  10199,  parameters 


Path  Number:  _ _ [_  t  I  0  0 

Code  Number :  J _ L  i_  jL  _L  jL  i_  HX  1X11 

Location:  Wagner,  ftoKida  -  E$tin  Haiti  Bait,  ftoKida 
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Figure  71.  P»th  11800,  perimeters. 


Path  Number : _ I_  J_  _0 _ f_ 

Code  Number :  J_  J_  2  _9_  J__  fl_  _0_  _£_  _5_  i_  J {_  _2_  _j__  J_ 

Location:  ttagne*,  Florida  -  fg&a  Mdot  Baae,  Florida 
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Transmi t  ter 


Antenna  elevation  (m-msll 
gain  IdBi 1 ,  main  beam 
height  (mj,  above  site  surface 
line  loss  l d B J 
polar i /at  ion 


Recc i ver 


Hor  I  mn  distance  ( km] 
e  I  evat  I  ur>  [m-ms  I  1 
elevation  angle  (deq] 
Locat ion .  latitude 
long i t  ude 
Pat  h  bearinq 

i'  I  v  va  t  i  on  lm-i«s  I  1 
0th. t  i  nt  or  ".a  t  ion: 


_ -iAlifi Lim _ 


OT /TREK  16,  fig.  1.6 


Figure  72.  Path  11801,  parameters 
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Figure  73.  Paths  10206,  10219,  and  10210, 
profile  and  predictions. 


Path  Number:  _ _ __L  0  2  0  6 

Code  Number  :  J_  J_  X  JL  X  X  X  X  XXXX  XXXX 
Location:  Chicago,  JtUnoU  -  LUibana,  Ittinois 
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Figure  74.  men  10206,  parameters. 


Path  Number: _ J_  0  9  19 

Code  Number  :  JL  JL  1_  JL  J_  _L  X  i_  I.  -L  jL  -L  liii 
Location:  Chicago,  Illinois  -  LPtbana,  Illinois 
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Figure  75.  Path  10219,  parameters , 
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Figure  76.  Path  10210 ,  parameters 
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Figure  77.  Paths  10212  through  10216,  predictions, 
(see  Figure  73  for  profile) 
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Figure  78. 

Path  10212, 

parameters . 
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Figure  79.  Path  10213,  parameters 
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Figure  81.  Path  10215,  parameters 
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Figure  82.  Path  10216,  parameters 
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Figure  84.  Path  10250,  parameters, 
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Figure  8S.  Path  10270,  parameters, 
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Figure  86.  Paths  10290  and  10310,  predictions, 
(see  Figure  83  for  profile) 
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Figure  87.  Path  10290,  parameters 
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Figure  38.  Path  10310,  parameters 
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Figure  90.  Path  10252,  parameters 


Path  Number: _ 1_  0  2  7  2 

Code  Number:  _f _ J _ 2 _ 1_  _J _ _ £  ^ _ ! _ ?  2  $  1  1 

Location:  Chtyenne.  Mountain  SurmU,  Colonado  -  Kajivat, ~CotoKado 

Datatype  6967  hourly  median*  .  01stance  113.0  Wm.h  1 5 

-  -  rs - 

\  - m - N-units,  a - 2IAA - km.  Surface  type  ^0}iaqs> 

Climate  continental  lempe/tate _ _  de _ 

Frequency  1*12.8 _ HHz ,  Transmitter  output _ dBW,  f|RP 


Ah _ J  S  7 _ m,  0 _  mr. 

Antenna  elevation  [m-msl] 
gain  [ d B  i  ]  ,  ma i n  beam 
height  |m] ,  above  site  surface 
1 ine  loss  { d B ] 
polar i *at ion 
type 

Hor i zon  distance  [Lm] 
clevnt ion  (m*ms I ] 
elevation  angle  [deg] 

Local  i on ,  latitude 
I onq i t  uOe 
Pa_t  h  bearing 

c I eva t i on  ( m-t>is 1 ] 

Other,  i nf orma t  ion : 


T ransmi t  ter  Rccc i ver 

26  99 _  J  547.4 


6.1 


H _  H 


53.43 

1817. 


38°45,50.4"N  36°37'SS.2"N 

104°51'50.4HU  103°34,19.2"W 


OT/TRER  16,  iig.  1.11 


Figure  91.  Path  10272,  parameters 
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Figure  92.  Paths  10292,  10266,  and  10311  through 
predictions,  (see  Figure  89  for  prof 
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Figure  93.  Path  10292,  parameters 


Path  Number:  _  _ _ [_  0  i  6  6 

Code  Number  :  J_J_J L_  JL-  Jl 2_  JL  J- l 1_  1. 5 L_ 

Location:  Chtytnnc  Mountain  Surmit,  Colonado  ~  KaAvaX,  CotoAado 

Data  type _ 232  houAly  median*  ,  Distance  H3 .0 _ km. hrs__!_5 

N  25 0 _ N-units,  a  7t46  km.  Surface  type  avCA&ge  QAOU 

Climate  conXXntnXaX  temperate  _ _  de _ 

F  requency  1040.  1 _ MHz,  Transmitter  output _ dBW,  EIRP 

,\h  18 7 _ m,  o _ mr. 


Antenna  elevation  [m-msl] 
gain  (dB i )  ,  main  beam 
height  (ml,  above  site  surface 
I ine  loss  (dB) 
polar i /at  ion 
type 

Horizon  distance  (km) 
elevat ion  (m-ms I J 
elevation  angle  |deq) 

Locat ion ,  latitude 
long i t  ude 
Path  bearing 

elevation  (m-msl) 

Ot  her  i nf ormat i on : 


Transmi t  ter 

2670 


H 


3S°45'50.4”H 

l04o51,50.4,,(il 


Receiver 

1544.9 


2.9 


H 


53.43 

1817. 


3t°3V55.2HU 
103° 34' 19.2-U 


0T/TXER  16,  6ig.  1.12 


Figure  94.  Path  10266,  parameters 
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Figure  95.  Path  10311,  parameters. 
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Figure  96.  Path  10312,  paraneters. 
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Figure  97.  Path  10313,  paraneters 
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Figure  99.  Path  10267,  parameters 
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Figure  100.  Path  10268,  parameters 


■  t  33^?  ^  ;* 


Code  Number 
Locat Ion: 

Data  type _ 

N 


Path  Number:  _ _  _  _f_  0  2  9  1 

J_  J_  _3_  _9_  J_  _0_  _0_  _4_  J_  J_  J_  _l  _L-L  J-  J- 
Kanval,  Colorado  -  Cheyenne,  Mountain  Summit,  Colorado 
147  houxty  media**  #  Dlstance  ,f3t0  km.hri  ?S4* 

km,  Surface  type  average  ground 


250__N-unI  ts ,  a 


7146 


Climate  continental  temperate 


de 


Frequency  qut  s  KHz.  Transmitter  output _ dBW,  EIRP 

,\h _ JS  7 _ m,  0  _ _ mr  . 


m-ms  I 


km 

dBW 


Antenna  elevation  (m-msll 
gain  [dBI ] ,  main  beam 
height  [ m ] ,  above  site  surface 
line  loss  [dB] 
polar izat ion 
type 

Horizon  distance  [km] 
elevation  [m-msl] 
elevation  angle  [deg] 

Locat ion ,  latitude 
1 onq i t  ude 
Path  bearing 

e  I  evat i on  [m-ms I ] 

Other  i  nt  ormat ion : 


Transmi t  ter 

1*41 


Receiver 

2661.5 


3 


■*. 


H  H 


S3. 43 
HI  7 


3I°37,5S.2"M  3S°4S' 50.4"^ 

10 3° 34*  19.2"W  104°S1 ,50.4"W 


OT/TRER  16,  (<g.  1.13 


Figure  101.  Path  10298,  parameters. 
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Figure  103.  Path  10254,  parameters. 
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Figure  104.  Path  1(?2 74,  parameters 
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Figure  106.  Path  10294,  parameters 
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Figure  107.  Path  10314,  parameters. 
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266  bounty  medians  ,  oi stance  634.6  km,h 


407 


rs- 


212  N-unl  ts ,  a  3090  km.  Surface  type  ^***4*-  9*°“** 
continental  tempenate  _____  <*e _ 


f  requeue  y _ 

Mi  17? 


100 _ MHz,  Transmitter  output 

in.  n  mr, 


dBW,  EIRP. 


Antenna  elevation  (ncmsl) 
gain  (dBl),  main  beam 
height  |m) ,  above  site  surface 
line  loss  [dB] 
po I ar i zat  ion 
type 

Hor i z  on  distance  I  km) 
c  I  ova  t  i  on  (m-ms  I  ] 
elevation  angle  [deg) 

Inca t  ion ,  latitude 
1 1  mg  i  t  ude 
burn  bearing 

<•  I  rV.1 1  i  on  [  "■-ms  I  ] 

0 1  tier  i'-iin  i*i  t  i  on  : 


Transmi t  ter 

7683.8 


H 


,fN" 

104°$1 ’ 50. 4"W 


Receiver 

418.8 


11.9 


H 


8 

432.8 


3774 ’24"N 
97^53' 52. 8"W 


OT/TOR  16,  iig.  3.67 


Figure  110.  Path  10264,  parameters. 
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Figure  111.  Path  10278,  parameters 
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Figure  112.  Path  10318,  parameters 
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Figure  114.  Path  10260,  parameters 
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Figure  316.  Path  10299,  parameters 
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Figure  117.  Path  10300,  parameters 
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Figure  119.  Path  10332,  parameters. 
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Figure  121.  Path  10372,  parameters. 
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Figure  123.  Path  10338,  parameters. 


Path  Number: _ J  0  $  5  8 

Code  Number :  JL±.JL.LJL£JLJLJ_JL_LJLJLJ__L.L 
Location:  Cheyenne.  Mountain  Bate,  CotonMo  -  Anthony,  Kama* 

Data  type  148  houMti  median*  Distance  634.7  km  h  40 

~  — - *  rs - 

Ns  *61  N-unlts.  a  3042  km.  Surface  type  average  qHout ii 

Climate  continental  tempoAate  ^ 

" . ********  '**‘  *  *  ~~  "  **  ....  . -  —  •  - -  ■  .  i- 

Frequency  210.4  HHz.  Transmitter  output _ dBW,  EIRP 

■'•h _ [71 _ m,  it  mr  . 


T ransmi t  ter 

Rece i ver 

Antenna  elevation  (m-msl) 

2217.5 

418. S 

qain  [ d B i ] ,  main  beam 

height  |m] ,  above  site  surface 

11.9 

1 ine  loss  (dB) 

polar i zat ion 

H 

H 

type 

Horizon  distance  [kml 

6.1 

e levat ion  (m-ms 1 1 

432.  < 

elevation  angle  (deql 

Location,  latitude 

$t°46' 26.4"N 

$7°14,24nM 

1 onq i t  ude 

f04°5J'43.2"W 

97°$$,52.8"W 

Pa  t  h  bearing 

o  levat  ion  (m-ms  1  ] 

Other  information: 

OT/TRtR  16,  iig.  $.61 


Figure  124.  Path  10358,  parameters. 
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Figure  126.  Path  10449,  para»eters 
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Figure  128.  Path  10448,  parameters. 
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Figure  129.  Path  10447,  parameters 
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Figure  131.  Path  10457,  parameters 
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Figure  152.  Path  10458,  parameters 
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Figure  133.  Path  10459,  parameters 
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Figure  134.  Path  10460,  parameters. 
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Figure  135.  Path  10461,  parameters, 
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Figure  136.  Path  10462,  parameters. 
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Figure  138.  Path  10903,  parameters 


Path  Number: _ iL  _  _  _ 

Code  Number :  J__  1_  _3_  1_  _3_  J?_  _4_  _5_  _3_  J _ 1__  _? _ /_  1 

Location:  Round  Hit C,  Hu&achu&ettA  -  C'uuvtfo'uf'i  HXtC,  New  JeMty 

Oata  type  240  WC^anA  .  Distance  302'3  km.h._  0 _ 

N  $12 _ N-units,  a  t6.76  km .  Surface  type  Aga  Mite  A 

Climate  (tmpexate  ovexsea  de 


Climate  fxi^Ltimc  tinptxxtt  ovtx&ca. 

Frequency  ??9Q _ MHz ,  Transmitter  output 

,\h  0  m.  tt  mr  . 


Antenna  c leva t ion  [m-msl] 
gain  [ d B i ] ,  main  beam 
height  [mj ,  above  site  surface 
I  ine  loss  ( d B ] 
polarization 
type 

Horizon  distance  (Lm] 
elevat ion  (m-ms 1 1 
elevation  angle  (deq) 
location,  latitude 
I ong i t  ude 
Path  bearing 

e I eva t i on  (m-ms I ) 

0 1  her  i nf orma t i on ; 


Transmi t  ter 
113.4 


_dBW,  EIRP_ 

Rcce i ver 
1 32.3 


94.9 

H  H 

41°32'?4"H  40°23'$1"N 

WSS' 5fW  74°iri3"W 

OT HRIR  16.  3.41 


Figure  139.  Path  10904,  parameters 


Path  Number: _ [_  J_  _4__  _4_  0 

Code  Number :  J_A.jL.jL  J_  _L  _L  J_  _L  _L  J _ L 

Location:  St.  Anthony,  Neiofoundtand  -  GandeA,  Ueu^oundtand 

Data  type  6241  houAty  median*  ,  Distance  277.1  km.hr,  £ _ m-msl 

N  jjjj  N-units,  a  4676  km.  Surface  type  aveAOQe  gAound _ 

Climate  continental  tempCAatc  _  d* _ km 

Frequency  50 5 _ MH/,  Transmitter  output _ dBW,  EIRP _ dBW 

Ah  5 0.2  in,  it _  mr . 


Antenna  elevation  (m-msl) 
gain  [  dB  i  ) ,  main  beam 
height  (m),  above  site  surface 
line  loss  [dB] 
pol ar i /at  ion 
type 

Hor i /on  d i stance  (Lm) 
elevat ion  (m-ms I J 
elevation  angle  (degj 
Incut  ion .  latitude 
1 onq i t  ude 
Palfi  bearing 

elevation  [m-msl 1 
Other  information. 


T ransm i 1 1  er  Recc i ver 

It  3.J  144. S 


5.2 


V  V 


35.52 

75.9 


5t°20'55HH _  4ta57'0lHN 

5S°37,tS”W  54°34,S0"W 


OT/TRER  16,  fig.  3.194 


Figure  141.  Path  11440,  parameters 
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Figure  142.  Path  11441,  parameters. 
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Figure  144.  Path  11537,  parameters 
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Figure  146.  Path  11594,  parameters 
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figure  1«».  r.th  12090,  parameters. 
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Figure  149.  Path  11978,  parameters 
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Figure  151.  Path  11981,  parameters. 
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Figure  152.  Path  11982,  profile  and  predictions 
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Figure  153.  Path  11982,  parameters. 
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Figure  154.  Paths  12201  and  12202,  profile  and  predictions 
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Figure  155.  P»th  12201,  p»r»*eters. 
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Figure  1S6 .  Path  12202,  parameters. 
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Figure  158.  Path  12025,  parameters. 
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Figure  160.  Path  12028,  parameters, 
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Figure  162.  P»th  12034,  para*eters 
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Figure  163.  Path  12050,  par»«eters. 
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Figure  164.  Paths  11987,  12109,  and  12085,  predictions, 
(see  Figure  161  for  profile) 
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Figure  16S.  Path  11987,  parameters 
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Figure  166.  Path  12109,  parameter* 
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Fijure  167.  Path  12085,  parameters. 
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Figure  168.  Path  11988,  profile  and  prediction*. 
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Figure  169.  Path  11988,  perimeters. 
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Figure  170.  P«th  11989,  profile  and  predictions. 
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Figure  171.  Path  11989,  parameters 


BASIC  !5W:.S:tlSSiON  LOSS  ELEVATION  IN  MCTEBS 


Code  Number : 
Locat Ion: 
Data  type _ 

_ 

Cl imate  _ 


Path  Number: _ L_l~  —  — 

J.J.J.J.  J.JLJLJ.  AJ.J.-L  —  — 

Scheveningen,  NetheAtand &  ■  MotiboMii  Hitt,  England 
5630  houfittf  median*  Distance  5,7'S  km.h  1,5 


31  i 


V  t  W  1  3  - —  »  r$— - 

N*un Its,  ,__*7£<_km,  Surface  typ€  average  gAound 


maritime  temperate  ovtAtand 


ur 


Frequency  560 _ NHz,  Transmitter  output 

,\h  36.9  m,  e _ mr. 


dBW,  EIRP 


m-ms  I 


km 

dBW 


Transmi t  ter 

Receiver 

Antenna  elevation  (m-msl) 
gain  (dBi 1 ,  main  beam 
height  (m) .  above  site  surface 

1 ine  loss  ( dB ] 
polarization 

60.6 

65.2 

9.1  . 

-H _ 

H 

type 

Horizon  distance  (kml 
elevat ion  (m-ms I ] 
elevation  angle  (deg) 
Locat ion t  latitude 
long i t  ude 
Path  bearing 

elevation  (m-ms I ] 
Other  information: 


1&.JL 

1.5 


M°Q6'H _  52c3fl'26"N 

4°16'E  0°2O'3O"V 


OT/TKE R  16,  Hq.  3.148 


Figure  173.  Path  11990,  parameters. 
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Figure  174.  Path  11998,  profile  and  predictions. 
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Figure  175*  Path  11998,  parameters 
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Figure  176.  Paths  12035  and  12051,  profile  and  predictions. 
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Figure  177.  Path  12035,  paraaeters 
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Figure  178,  Path  12051,  paraaetera. 
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Figure  180.  Path  12110,  pi 
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Figure  181.  Path  12086,  paraaeters. 
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Figure  182.  Paths  12036  and  120S2,  profile  and  predictions 
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Figure  184.  Path  12052,  parameters 
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Figure  186.  Path  12111,  parameters. 
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Figure  187.  Path  12087,  paraaeters. 
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Figure  189.  Path  12058,  parameters 


OASIC  TRANSMISSION  LOSS 


SCHEVENINGEN  NETH  -  LERWICK  SHETLAND  IS 


137.5  dB - P  . 


Figure  190.  Paths  12054  and  12113,  predictions, 
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Figure  191.  Path  12054,  parameters. 
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Figure  192.  Path  12113,  parameters. 
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Figure  194.  Peth  12045,  p«re»eter». 
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Figure  195.  P«th  12048.  p*r«ter». 
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Figure  196.  Path  12104,  parameters. 
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45.69 

,143.4 


S1°23'24*H 

0°19,54"V 


0T/TKER  16,  iig.  2.1 


Figure  198.  Path  12057,  parameter*. 


I 


Figure 


„  ^iiWXl^bKV«.f^Mr.M.  ■•.•■.‘->«w  . .  •  -  n*^w*W*M***- 


Path  Number: _ [_  2  0  7  5 

Code  Number :  _J _ / _ L_L  _i _ C _ 0  4  _5 _ 5 _ 1 _ I_  _3_  _J _ 1  1 

Location:  WinWi  Hill,  England  -  Vouglcu  [high  6ite.)  U tv  oh  Han 

Data  type  5  month*  oh  houOlH  median*.  Pittance  143.9  km,hr_  0  m-ms) 

N  306  N-unlts.  a  *574  km.  Surface  type  tea  Mite. A 

s  ■  — - -  •  — 1  1  - - - - 

c  i  i  ma  t  e  nuxUime  tenpeacute  ovtn&ea  t  de  km 

Frequency  >9? _ MHz,  Transmitter  output _ dBW,  EIRP  dBW 

Ah _ 0 _ in,  0 _ mr  . 

Transml tter  Receiver 

Antenna  elevation  (m-ms  <1  _ S£i~2 _  _ HLJi - 

gain  (dBI),  main  beam  _ _ ___ 

height  (m)  ,  above  site  surface  _  _ 2-J _ 

line  loss  ( dB ] _ _ 

polarization  ^ _  _ {1 _ 

typ«  _ _ 


Horizon  distance  (km]  _ _  _ 143. 9 

elevation  (m-msl)  _ _ _  _ 457.2 

elevation  angle  (deg]  _ _ 

Locat ion,  latitude  53°37*44HN  54°12>5Q"H 

longitude  .  2°  30'  Will  4°2S,00nU 

Path  bea r  i ng  _ _____________  _ 

elevation  (m-msl]  _  _ 


Other  information: 


OT/mR  16,  hig.  1.U 


Figure  200.  Path  12075,  parameters. 
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Path  Number: 


J.J.JLJ. _ 

DiinteA  Hitt,  England  -  Vougtcu,  (fu*h  lilt)  Me  oi  Man 

4200  hourly  median 6 


14  3.9 


306  N-unlts,  a_ 


*574 


,  Distance 
km.  Surface  type 


km,h 


rs- 


6ea  imWi 


maxLtune  twipenate  ovt/uea 


d  e 


191.2 


MHz,  Transmitter  output_ 
mr . 


dBW,  EIRP. 


Code  Number: 

Locat ion: 

Data  type 
N 

s 

Cl i ma  t  e 
Frequency 
Ah _ _ 

Antenna  elevat'on  [m-msl] 
gain  (dBi ] ,  main  beam 
height  (m],  above  site  surface 
line  loss  (dB] 

polarization 

type 

Horizon  distance  (km] 
elevation  [m-msl] 
elevation  angle  (deg] 

Locat ion,  latitude 
long i tude 
Path  bearing 

elevation  [m-msl] 

Other  information: 


Transmi tter  Receiver 

5 t0  357. S 


10 


H  H 


JA1S. 

451-1 


53°37,44"M  54°IZ,50HM 

2°30,55>,W  ... 


0T/TRER  16,  iiQ.  1.24 


Figure  201.  Path  12151,  paraneters. 
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BASIC  TRANSMISSION  LOSS 


Code  Number : 
Locat ion : 

Oat a  type _ 

N 


Path  Number: _ ? _ L_ 

±±X±  JLJLJLjL  J.J.-LJ-  J.J..1-L 

Houith  Head,  Uetand  -  PonUdom,  England 


277  hourly  mediant  t  Distance  439.6  km.h 


rs- 


m-ms  1 


a  till  km.  Surface  type _ average  fl*ouit<f 

maxitone.  tempcAatc  overland _ _  <*e  _ — 


320  N-unlts 


Cl i ma  t e _ 

Frequency  10 3.5  HHz ,  Transmitter  output 

Ah  330.5  m,  *' _ mr . 


Antenna  elevat ion  (m-msl) 
gain  (dBi ) ,  main  beam 
height  (m),  above  site  surface 
1 i ne  loss  (dB) 
polar i 2at ion 
type 

Horjjron  distance  (km) 
elevat ion  (m-msl ] 
elevation  angle  tdeg] 

Locat ion .  latitude 
long! tude 
Path  bearing 

e I eva 1 1  on  [m-ms 1 ] 

Other  information: 


0T/TRER  16,  iig.  3.1 U 


T  rtnsml t  ter 

1S2.9 


H 


dBW,  E IRP 


Receiver 

151.1 


19. 1 


H 


5  5°22,2rN 
6°  04' 04*1)1 


52.5 


110.4 


5O051*5O"N 
ica7'  f 


Figure  203.  Path  12083,  para»eters 


km 

dBW 


I! 


m 

IlX  l, 


22S 


V  ■y-'  1 


uaiiiaiiii 


-  •  -  ■ 


Code  Number 
Locat Ion: 

Data  type _ 

N 


2  LLLL 

5  3  1  I  3  4 


Path  Number:  _  _ _ _ 

J  I  2  _ 5  _ 3  7  _£  _4  __5  3  1  J_  3  4_  J_  J 

~ScJtcoejUngcji,  kiihextancU  -  fttiZge.  oi  Von,  Scotland 

97i3  bounty  mdiani  o I  stance  *****  L-  u  0 


km,h 


rs- 


m-ms  I 


317  N-unlts,  a  _ 5736  km,  Surface  type  6ia  mWi 


C  |  jmate  manitimz  twpcAatt  ootMta _ 

Frequency  560 _ MM*,  Transmitter  output 

Ah  0 


de 


m,  n 


mr . 


Antenna  e leva t ion  (m-msl) 
gain  (dBI ) ,  main  beam 
height  (ml,  above  site  surface 
tine  toss  ( dB ] 
polari*at ion 
type 

Horljton  ul  stance  (km) 
elevation  (m-msl) 
elevation  angle  (deg) 

Locat ion ,  latitude 
I nng i t  udr 
Pa t h  bear i ng 

elevation  (m-msl) 

Other  information: 


Transml t  ter 

5«.4 


dBW,  EIRP 


Receiver 
It.  3 


9.2 


—  -  M°1&L4ML 


2°0$'00''W 


km 


dBW 


OT /TKER  16,  <45.  3.155 


Figure  205.  Ptth  12112,  ptr««eter», 
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A.  .J  .  .^L-. 


WMMtHiiliiil 


Path  Number:  _ _ J_  £  £  £  f 

Code  Number:  ±±±±  1111  1111  1111 

Location:  Scheveiungejt,  HvthvilmU  -  BUdgi  of  Von #  ScoWutd 

Data  type _ IH  ,  Distance  tH  _ 

N  3>7  N-units.  a  <766  km.  Surface  type  Aefl  MtttgA . 

Climate  m&titime  tcmpcAaXc.  ovvuea _ ,  de _ 

frequency  774 _ MHz,  Transmitter  output _ EIRP__ 

Ah  0  _ _ m,  0 _ mr. 


Antenna  elevat ion  |m-msl) 
gain  (dBi ) ,  main  beam 
height  (m) ,  above  site  surface 
I ine  loss  ( d B ] 
polar  I zat Ion 
type 

Horizon  distance  (km] 
elevat ion  (m-ms I  1 
elevation  angle  (deg] 

Locat ion ,  latitude 
long! tude 
Path  bearing 

elevation  (m-ms l) 

Other  information: 


Transmi t  ter 

59.4 


Receiver 

fS.3 


9.2 


H 


H 


5 2°06'N 

57°f 0'4O”N 

40t6'E 

2°05,00hU 

OT/T RER  f 6,  4-tg.  3.155 


Figure  206.  Path  12088#  parameters 


.11  to  SO  90  99  99.9  99.99 

WCEHT  TJHC 

Figure  207.  Path  12091,  profile  and  predictions. 
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pay.  j;i  v  .vtuvi<sf*.*v:V*v«'1 m4>»  ■--vm^.w.s.rn' 


Path  Number: _ _J_  _2 _ 0  9  1 

Code  Number :  _J _ J_  __Z  __0  2  10  4  5  2  11  _3 

Location:  iiHotkom,  Bngtand  -  Cavtuham,  England 


Oata  type 


Climate 


2592  houJtfr/  mtdieuu  t  putance  **•* 

3f2  N-unlts,  g  4744  kmt  Surface  type _ 

ma^u-tdwe  temperate,  ovesttand _ t  de 


1  1  1 


15 


km,h 

avVingi  ground 


rt 


Frequency  <9.1 _ NHi,  Transmitter  output _ dBW,  EIRP 

Ah  lit. 9  m,  o _ mr. 


Antenna  elevation  (m-msl) 
gain  [dBI ] ,  main  beam 
height  (m] ,  above  site  surface 
line  loss  [ d B ) 
polar  fiat  ion 
type 

Horizon  distance  (km] 
elevation  lm-msl] 
elevation  angle  (deg] 

Locat ion,  latitude 
tong  1 tude 
Pat  h  bear  I ng 

elevation  (m-msl] 

Other  information: 


Transmi t  ter  Receiver 

342.9  91.4 


15.7 


H  W 


21.49 

it. 4 


Sl0l9'irn  Sf°2l,S2wM 

0°17,20"B  0° 57'23"ftl 


m-ms  I 


km 

dBW 


0T/TRER  16,  iig.  2.4 


Figure  208.  Path  12091,  paraweters 


.01 


1 


Figure  209. 


it  90  *0  99  99.9  99. 

K9CCHT  TltC 

Path  12099,  profile  and  predictions. 
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Path  Number: _ J_  2  0  9  9 

Code  Number :  J_  ±  J_  J_  JL  J.J.  J.  J.  JL  JL  JL  J.  J.  J.  J. 

Location:  VuutZdo/il,  Wut  GeAMjuj  -  KldzUugh,  England 

Data  type  1500  houAty  inedianA  ,  Distance  3 66.0  km.h^ 
377  N-units.  a  <7 66  km.  Surface  type  66A  uuXeA 

Climate  maxLtime.  tempviati  ovvuta 


F  r equenc  y  535 


HHi,  Transmitter  output 


dBW,  EIRP 


Transmi tter 


Receiver 


Antenna  c leva t Ion  (m-msl) 
gain  [dBi],  main  beam 
height  [mj ,  above  site  surface 
I  ine  loss  [dB] 
polarlzat ion 
type 

Hor i <on  distance  [km] 
elevation  [m-msl] 
elevation  angle  Ideg] 

Locat ion .  latitude 
I ong i t  ude 
Pat  h  bear Ing 

e Icvat i on  [m-ms I ] 

Other  information: 


$70gO'N 

1°02'E 


srorsw 

i03*'f5"i ■ 


CT /TKEK  16,  fa.  3.131 


Figure  210.  Path  12099,  parameters, 


I 


2  10  0 


Path  Number: 

Code  Number :  J_  J_  ±  J_  _±  J.  J.  JL  J.  J.  J. -I  _J  J.  J.  _i 
Location:  Pontop  Pikz,  England  -  Viihloith,  England 

Oata  type  6695  houxty  me.diatu>  ,  Distance  13.7  km,hr.  55, t 
N^  3j2  N-unlts,  a  1616  km.  Surface  type  aue/utge  ground 

Climate  maritime  temperate  ov inland _ _  de _ 

frequency  114 _ MHz,  Transmitter  output  dBW,  £ > RP 

Ah  100.4  m.  0  mr. 


Antenna  elevation  (m-msl] 
gain  [dBI ] ,  main  beam 
height  [m] ,  above  site  surface 
tine  loss  ( d B ] 
polar izat ion 
type 

Horizon  distance  (km] 
elevation  (m-msl] 
elevation  angic  (deg] 
locat ion ,  latitude 
long i tude 
Path  bearing 

elevation  [m-msl] 

Other  information: 


T ransmi t  ter  Rece i vet 

427.3  46.0 


12.2 


H  H 


52.6 

1t5. 


3 4°5?,08nH  54°Q$'43"H 

_ tlzaim 


m-ms  I 


km 

dBW 


0T/TRER  16,  iig.  1.20 


Figure  212.  Path  12100,  parameters. 


234 


/ 


.ram 


1  1 


1  2  1  0  7 

Path  Number: _ _ _ _  — 

,  «  •)  9  2  3  0  4  5  Jf  I  f  5  _L _ 

Code  Number:  _J ~  —  — - . — _  ,  . 

location  Urndlul urn,  e*gt<utd  -  Pc-tMboMugh,  'ngbutd 

Oata  I  «,»  .1  Distance - «£J - •k"'hi  - 

K  ill  N- units ,  a.  utt _ ki«.  Surface  type_5UM22e_aMt«i 


rs- 


c  ii  ma  t  e  mgfutunt  te mpiAote.  oveAland 


de 


Frequency  701  ^Hz,  Transmitter  output. 


dBW,  EIRP. 


Ah  32.9  w.  (' _ 

Antenna  elevat ion  (m-msl). 
gain  IdBl],  main  beam 
height  (m),  above  site  surface 

I i ne  loss  (dB) 
polar izat ion 


mr . 


Transml tter 

353.9 

Receiver 

20.1 

12.2 

H 

H 

type 

Horizon  distance  (km) 
elevation  (m-msl) 
elevat ion  angle  (deq) 
Location,  latitude 
long i tude 
Path  bearing 

elevation  (m-msl) 


Other  information: 


OT/T RER  16,  2.55 


Figure  214 


Path  12107,  parameters. 


Code  Number : 


locat ion: 
Data  type 


Path  Number:  _ _ J_  t  1  ! _ 5 

1  1  2  3  3  0  0  4  '  $  3  1*1  3  4 


Sch&veningcn,  HithcutancU  -  Pontcp  P^Jte,  England 
13  moitotA  ofi  cat  7  t 

kouJUtu  median* _ 0*  stance _  zZllL - 'un'  rs — 

512  N-units,  a  S676  km.  Surface  type  6<?rt  MltCA 


Climate  maxUvne  tempevUc  oversea 


F  requency_ 
.'.h  0 


MHz,  Transmitter  output^ 


Antenna  elevation  (m-msl) 
gain  (dBi),  main  beam 
height  (m] ,  above  site  surface 
line  loss  l d B 1 
polar i zat ion 


Transmi  tter 

59.1 


dBW,  EIRP 


Rece I ver 


313.9 


m*ms  I 


Hor i /on  distance  (km) 
elevation  (m-msl) 
elevation  angle  Idcq] 
Locat ion .  latitude 
I onq i t  ude 
Pat_h  bearing 

elevation  (m-msl) 
Other  information: 


jro6_'± 

4°16,E 


54O52'0rH 

1°46,1I"W 


OT/TRER  16,  tig.  3.132 


Figure  216.  Path  12115,  parameters 
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Path  Humber: _ L  -L  J - L  — 

Code  Number:  L  L  L  ±  ±±±±  i-i-  -J-.,—  ~  *7  ‘7 

Cocat  loo:  Sttttiw  CoWJieM.  Ensforuf  •  Sum  HaUeiy,  Ugtxnil 

Oata  type  640  houxLtj  median*  Distance  Hill - kn,*hr*- 

N  315  H-unlts,  a  S7?9  *">.  Surface  type 

rlimate  moA-it'Cmi’  <Cgpe^(tf  ovefUand _ dp - . 

Frequency  it.  2  _ MM  /,  Transmitter  output - .dBW*  E,RP- 

*h  72  m.  0  mr . 


Antenna  elevation  (m-msl) 
gain  (dBi ) ,  main  beam 
height  (m) ,  above  site  surface 
line  loss  l dB 1 
polar  I /at  ion 
type 

Horizon  distance  (km) 
e I c va t i on  (m-ms I ) 
clevat ion  angle  (deg) 

Locat ion .  latitude 
1 ong i t  ude 
Path  bearing 

elevation  (m-ms I ) 

Other  information: 


Transmi ttcr 

394.1 


|049*57"W 


Receiver 

249.9 


51.95 


0°  41 'OWL 


m-ms  I 


0T/TRER  16,  i-tg.  2.9 


Figure  218.  P»th  12116,  paraaetera. 
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Path  Number:  _ _ 1_  2  117 

Code  Number  :  ±  ±  J_  _0_  J_  2_  ±  ±  ±  J_  J_  J_  _i  J_  _±  _L 

Location:  Sutton  Coldfield,  England  -  Geeen  Hatley,  England 

Datatype  6573  hourly  mediant  .Distance  **l»5  km.h 

-  -  •  r  j— 

N^  31 S  N-unlts.  a  >729 _ km,  Surface  type  avenage  gfc 

Climate  mewit-ime  temperate  oveAland  de 

Frequency  St. 2  8Hz.  Transmitter  output _ dBW,  EIRP__ 

A  h _ 12 _ m ,  Q  m  r  . 


Antenna  elevation  (m*msl) 
gain  (dBI 1 ,  main  beam 
height  I rn ]  ,  above  site  surface 
1 1 ne  loss  ( d 8 ) 
polar i /at  ion 
type 

Horizon  distance  (km) 
elevation  (m-msl] 
elevat Ion  angle  (deg) 

Locat Ion,  latitude 
long  I tude 
Path  bearing 

elevat ion  (m-msl ) 

Other  Information: 


Transml t  ter 

39  4.1 


Receiver 

230.1 


3 


1049,i7nV 


S1.9S 

_ LU uJL 

llfiilLOt 

0°47'06"U 


OT/m R  16,  iig.  2.9 


Figure  219.  Path  12117,  paraaeters 


Code  Number : 
Location: 


Path  Number:  _ _ _ {_  J? _ { _ l  j 

_L  _L  _L  _L  J.  J.  JL  J-  ±±±±  _1  _L  _L  _L 

Suttcn  Cold^itld,  England  -  G\een  Haitvj ,  England 


Data  tvoe  3 274  houXltJ  mtdiaM  t  Distance  *****  km.h 


rs* 


315 


N-unl ts ,  a  I7?9  km.  Surface  type  floeAage  g* 


q  )  jmate  tnaiitun c.  CeitipcAflCf  ovtntand 
frequency  180,4 _ MM*,  Transmitter  output 


de 


dBW.  EIRP 


Ah  7? 


,n. 


(* 


mr  .* 


Antenna  elevation  [m-msl] 
gain  (dBl ) ,  main  beam 
height  (mj ,  above  site  surface 
I ine  loss  t dB ) 
polar izat ion 
type 

Mor  i  ton  d  1  stance  (lue) 
elevat ion  (m-ms I ) 
elevation  angle  (deg] 

Location,  latitude 
long i tude 
Path  bear ing 

elevation  (m-msl) 

Other  information: 


Transmi t  ter 

3  SO.  1 


Rece 1 ver 

230.1 


3 


H 


S2°3S*  59MM 
l°49,S7nU 


H 


SI. 95 
175.3 


S1°43'I0“N 

0°47'06HU 


OT/Tm  16,  iig.  1.9 


Figure  220.  Path  12118,  parameters 


Path  Number: 


_ L  1211 

Code  Number :  J_  J_  2.  J-  A  A  A  A  A  A  A  _L  A  A  A  A 
Location:  Sattbit  ColdiiUd,  England  -  G*eeit  H&tfet/,  England 

Data  type  5111  hounltjl  McUanl  ,  Distance  h«.hr  jf£ 

N  HI  N-unlts.  a  km.  Surface  type  average gKOund 

Ciima(e  mcvUtime  temperate.  oveAland _  <je _ 

frequency  110.4  MHz,  Transmitter  output _ 4BW,  El  HP 

Ah  72  m.  e  mr. 


Antenna  elevat Ion  [m-msl) 
gain  ( d B 1 ] .  main  beam 
height  [mj,  above  site  surface 
line  loss  [dB] 
polar i tat  ion 
type 

Horlton  distance  (km) 
elevation  (m-msl) 
elevation  angle  [deg] 

Locat ion ,  latitude 
long  I tude 
Path  bearing 

elevation  [m-msl J 
Other  information: 


Transmitter  Receiver 

350.2  230.  1 


3 


H  H 


51.95 

HLJ_ 


52°35'59"M  5T°43' ?0WW 

l°4 9'57"W  0°47,06HU 


m 


k 

d 


OT /TRER  16.  tig.  2.9 


Figure  221.  Path  12119,  parameters . 
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i*$:c  T*MiS*lSS10»4  LOSS  8*s:c  T»M<SH!SStOh  LOSS 


Path  Number: 


L  _J._LJ.JL 

Code  Number :  J_-LJLJL  _i_  _i  JL  _£  JL  -i  J-  JL  JL  J.  J.  J. 
Location:  Sutton  Coldiitld,  England  -  G*een  HeUlty,  England 

Data  type _ 2S66  houxty  median*  ,  Distance _ 121-$  kmthrj.  1^. 

Ns  111  N-uni  ts .  a  3729  km.  Surface  type  average  9>iouAd 

Climate  maxitone.  tempexate  ovexland _ _  de _ 

Frequency  495 _ MHz,  Transmitter  output _ dBW,  EIRP _ 

Ah  7 1  m.  0 _ mr. 


Antenna  elevation  (m-msl) 
gain  [dBI ]  ,  main  beam 
height  [m] ,  above  site  surface 
line  loss  (db) 
polarization 
type 

Hor i zon  distance  (km) 
elevation  [m-msll 
elevation  angle  (deg] 

Locat Ion ,  latitude 
long  I tude 
Path  bearing 

elevation  (m-msl) 

Other  information: 


T  ransml t  ter 

35 0.2 


Receiver 

232. 


4.9 


52°35 


t°49 


'  59"N 


•S7HU 


51.95 


T  75. 3 


5f °43'10mH 


0°  47 '06*111 


m-msl 


km 

dBW 


OT/TRER  16,  tig.  2.10 


Figure  223.  P»th  12122,  p»r«*eter» 


Path  Number: 


Code  Number 
Local  ion: 
Data  type _ 


J  J.-1-& 

SatCon  Cotdiittd,  England  -  Gtevi  Hailctj,  England 
1534  kourUu  median* 


m.  5 


ILL 


N-unlts,  a  <729 


,  Olstance__ _ 

km.  Surface  type 


km,h 


rs- 


m 


Climate  maritime.  rt*  BXMAmL - 

Frequency  495  HHz ,  Transmitter  output. 


<t\>g*CQ»  gimwuL 
de  _ _ 


dBW,  EIRP _ 


Ah 


n 


m ,  ft 


mr . 


m-ms  l 


km 

dBW 


Antenna  elevation  h'-msl] 
gain  (dBl ] .  main  beam 
height  (m),  above  site  surface 
line  loss  [dB) 
polarizat Ion 


Transmi t  ter  Rece I ver 

380.1  23 2.0 


4.9 


H  _ H 


typ« 

Horizon  distance  (km) 
eievat ion  (m-ms I 1 
elevation  angle  (degl 
Location,  latitude 
long i t  ude 
Path  bearing 

c I eva t i on  (m-ms I ] 


5F.95 

>75.3 


S2°35’S9"M  5 1°43,10HL 

1°49'$7"W  0°47'0_6MJl 


Other  information: 


OT/Tm  16,  iig.  2.10 


Figure  224.  Path  12124,  parameters. 


Path  Number: _ |_  _ J _ L_L 

Code  Number :  HH  HH  1111  ill! 
Location:  Sutton  Coldfield,  England  -  Gotten  Huilty,  England 

Data  type  5??  hounly  median*  .  Distance  ***•$  km.hri  *££ 
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Figure  22S.  Path  12121,  parameters. 
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Figure  226.  Path  12128,  profile  and  predictions 
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Figure  227.  Path  12128,  para»eters 
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Figure  229.  Path  12129,  parameters 
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Figure  231.  Path  12133,  parameters . 
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Figure  233.  Path  12134,  parameters. 
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Figure  237.  Path  12137,  parameters. 
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Figure  238.  Path  12140,  profile  and  predictions. 
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Figure  239.  Path  12140,  parameters 
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Figure  241.  Path  12141,  parameters 
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Figure  243.  Path  12146,  parameters. 
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Figure  244.  Path  12148,  profile  and  predictions. 
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Figure  24S.  Path  12148,  parameters. 
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Figure  246.  Path  12154,  profile  and  predictions. 
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Figure  247.  Path  121S4,  parameters. 
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Figure  248.  Path  12155,  profile  and  predictions. 
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Figure  249.  Path  12155,  parameters 
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Figure  250.  Path  12157,  profile  and  predictions. 
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Figure  251.  Path  12157,  parameters 
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Figure  252.  Paths  12160  and  12169,  profile  and  predictions 
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Figure  253.  Path  12168,  parameters 
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Climate  mcvUtime  tempvuUe.  oveA&ea _ _  de _ km 

Frequency  18 7 _ MHz,  Transmitter  output _ dBW,  EIRP _ dBW 

Ah _ 0 _ m ,  0 _ mr  . 


Antenna  elevation  (m-msl) 
gain  [dBl],  main  beam 
height  [m] ,  above  site  surface 
line  loss  (dB) 
polar izat ion 
type 

Horizon  distance  (km] 
elevation  (m-msl) 
elevation  angle  (deg) 

Locat ion,  1 a  1 1 1 udc 
longitude 
Path  bearing 

elevation  (m-msl) 

Other  information: 


Transmitter  Receiver 


OT/TOR  16,  iiy.  1.23 


Figure  254.  Path  12169,  paraweters 


Path  Number:  _____  1  2  17  4 

Code  Number:  _| _ 1_  2  J)_  3 0  0  4  5  2  1  1  3 

Location:  Unothaa,  England  -  CaAtl&tan,  likUtT~  ~ 

Data  type  4  nonthi  ol  houAltj  tmdiani.  Distance  135.2 

U  If  7  II  I  4  <*  >  > 


1  1  1 


km.h 


94.5 


C  I  i  mo  t  e _ 

Frequency _ 

Ah  170.4 


ILL  N-units.  a  *766  km.  Surface  type  avc/Utge  gteund 


m-ms  I 


maAitxmc  tempenatc  overland 
94.  — 


de 


_NH2,  Transmitter  output 


km 


_dBW,  EIRP 


dBW 


m , 


mr , 


Antenna  elevation  !  | 

qa In  (dB i )  ,  ma i n  beam 
height  (m] ,  above  site  surface 
line  loss  (dB] 
polar ioat Ion 
type 

Horizon  distance  (km] 
elevation  (m-mslj 
elevation  angle  (deg] 

Location,  latitude 
I  on g i tude 
Pa  t_H  bear  i  nq 

elevation  (m«msl) 

Ot  Her  information: 


Transmitter  Receiver 

3S0.5 _ 121.9 

.  _  16.7 


H  H 


51.34 

175.3 


5f°f9,nwW  _  51°3$,12"N 

Q°1V2Q”E  3°  04  >14-11} 


0T/TXER  16,  ilg.  3.100 


Figure  256.  Path  12174,  parameters. 
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Path  Number: _ __JL  *  I  $  7 

Code  Number:  J_  J_  _2  JJ  _3  _£  J>  _4  5  2  1  I  3  1  J  I 

Location:  Uaotham,  England  -  Ca&tltton,  (Haiti 

Data  type  1200  houxlif  mtdiani  .  Distance  *35.2  km  h  M.! 

. — . .  *  - 

\  ...  3f2  N-unlts.  a  <766  km.  Surface  type  average  ground 

Climate  "«**•*&*<?  lemptnale.  ovexland  de 

■  ■■■  11  "■  **  ■■■  *  —  ■  mmm  *  -  -  -  -  

frequency  93.3  MHz.  Transmitter  output _ dBW,  EIRP 

*,h  170.4  m ,  ft 


Antenna  elevation  |m-msl] 
gain  (dBi),  main  beam 
height  (m) ,  above  site  surface 
I ine  loss  [dB] 
polar izat ion 
type 

Horl/on  distance  {km] 
elevation  (m-msl) 
elevation  angle  (deg] 

Locat ion,  latitude 
long i tude 
Path  bearing 

e I eva t ion  (m-m$ I ] 

Other  information: 


Transmi t  ter  Rece i ver 

349.9  Tq7 


M 


H  H 


_  SI. $4 

_ _  175.5 

$l°!9'trn  51°33'1tnN 

J-U1M1L  foi'U'w 


OTtmn  16,  tig.  5.100 


Figure  2S7.  Path  12187,  parameters 


Path  Humber: _ {.  2  17  5 

Code  Number:  1111  1111  Li 

Location:  Lopik,  NtthvUand*  -  Uickhambfiook ,  England 

Data  type  A  mantis  oi  houXlil  mediant,  Distance  mJHJm - 

n  316  N-units.  a  <74 1  km.  Surface  type 

$  ,  ■  - -  - 

Climate  maritime  ttmpeAaXe.  ovvUand _ .  de _ 

Frequency  ^75  MHz,  Transmitter  output _  481 


309.? 


.•».hrs_l 


F  requency _ 

Ah  53.  < 


Antenna  elevation  (m-msl] 
gain  [dBi ] ,  main  beam 
height  (m) ,  above  site  surface 
line  loss  [ d B ] 
polar izat ion 
type 

Horizon  distance  (km) 
elevation  [m*msl] 
elevat ion  angle  [deg] 

Locat ion ,  latitude 
long i t  ude 
Path  bearing 

elevat ion  (m-msl ] 

Other  informat  ion : 


Transmitter 


52°0rN 

5°03'E 


dBW,  EIRP 


Receiver 


>34.1 


4.35 

123.4 

52°ir25MN 

0°33,01nE 


or /THE*  16,  3.143 


Figure  259.  Path  12175,  paraaeters. 


i''  !£  u  if  <j.  -  jisi  1 ;  t  ; 

? ■&  •,  .%f  f,- ;IS j  '  * 


Path  Number: _ 

Code  Number :  ±  ±  J_  _0_  ±  ±±±  Hi  J.  J.  _L  _i  _L 

Location:  Wtotham,  England  -  Voughu  [high  6ltt)  1 6lt  oi  M an 

Data  type _ 55 00  bounty  mtdiani  ,  Distance  454.9  km.h^  A 

N^  3? 7  N-unlts.  a  1166  km.  Surface  type  aucAtfge  ground 

Climate  mvUtime.  tempe.ia.te  ovexland _ _  de _ 

frequency  93. 1 _ MHz,  Transmitter  output  dBM,  EIRP _ 

Ah  103,4 _ m,  0 _ mr. 


Antenna  elevation  (m-msll 
gain  [dBiJ,  main  beam 
hei»;ht  [m] ,  above  site  surface 
line  loss  (dB] 
polar i zat Ion 

type 

Horizon  distance  (km) 
elevation  (m-ms I ) 
e levat Ion  angle  (deg) 

Locat ion ,  latitude 
long i t  ude 
Pat h  bear i ng 

elevation  (m-ms I ) 

Other  information: 


Transmi t  ter  Receiver 

350.5  356.6 


131 


a _ n 


-XL M 

JILL. 


31°19,llMk  54C12,50-k 

,Q°ir2QHL 4°U!M”id 


m-ms  1 

km 

dBW 


OT/TKE R  16,  tig.  3.129 


Figure  261.  Path  12179,  parameters. 


- . _ l  S  I 

Code  Number:  iiii  ill!  iiii  i.1  I  1 
Location:  U\otham,  England  -  Vouglat  (Low  Ute),  UU  oi  Mai 

°*ta  tVpe - m°  hou*t“  SSd£m  -  Distance  449.9  km.h 

\  -.l??,  N-units,  a — km.  Surface  type  AM 

Climate  wgA^toiie  tempeAAte  ovtuea  \ 

- - — -■  ■  t  de 

Frequency - ?}.t  HHa.  Transmitter  output. _ d8W,  EIRP 

Ah  0  ™-  0  mr. 


Antenna  elevation  (m-msl] 

9* In  (dBi J ,  main  beam 

height  [m] ,  above  site  surface 

line  loss  (dB] 

polar  i/at  ion 

type 

Hor Iron  distance  (km] 
elevation  (m-msl] 
elevation  angle  (deg] 

Locat ion,  latitude 
longitude 
Fa t  h  bear i ng 

elevation  (m-msl] 

Other  information: 


OT/TKER  16,  tig,  3.H9 


Figure  262.  Path  12181,  parameters 


Path  Number: 


l  J.J.SJ. 

Code  Number:  ±±±±  J.  JL  JL  Jl  JL  JL  JL  J_ 

location:  Ktexandta  Palace. ,  England  -  Vougtaa  thigh  iUe)  Jilt  o<  Han 

0ata  tvpg—  HOP  he aUa  medians  .  Distance  415.0  km.h  0 _ 

Ns  - 111,  ,  w*unl ts .  a___  47 66  k*».  Surface  type  average  aKound 

Climate  maaitimt  temperate,  ov extend _  de 

Frequency  41, 5  MHz.  Transmitter  output  dBU,  £|RP 

Ah  91.4  m.  0  _  mr . 


Antenna  e leva t ion  |m-msl] 
gain  [dBi],  main  beam 
height  [m] ,  above  site  surface 
line  loss  { dB ] 
polar izat ion 
type 

Horizon  distance  [km] 
elevation  (m-msl) 
elevation  angle  [deg] 

Locat ion,  latitude 
tong i tude 
Path  bearing 

elevation  [m-msl] 

Other  information: 


T  r  ansm 1 1  ter  Receiver 

»«.9  356.6 


91.5 


H  H 


41. t 
239.3 


j^SS'SO'H  S4°irM"H 

0oQV40nV  4°  2V  00*W 


OT/m*  16,  iig.  3.126 


Figure  264.  Path  12180,  parameters. 
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SASIC  TRANSMISSION  LOSS  CLCVATION  IN  «£TEM 


Path  Number: 


_ L  i JJi 

Code  Number:  d  d  J.  A.  A.  JL  JL  A  d  JL  d -L  3  4  1  1 

Location:  Lopik,  HUhintandh  -  UdebuAgh,  England 

Data  type  tOOO  houxty  median*  .  Distance  236. «  km.h 

■  ■  ■■  ■ '  • 

Ns  -  -3I3  N-units.  a  37i4  km.  Surface  type  ACfl  uttteA. 
Climate  ma/uXime.  temix\ate  oveMea 


Frequency  62 5  HH/t  Transmitter  output  dBWf  EIRP 

‘‘h  0  m,  0  mr. 


T  ransmi tier 


Antenna  elevation  [m-msl] 
gain  [dBi],  ma i n  beam 
height  (m) ,  above  site  surface 
line  loss  (dB ] 
polar izat ion 
type 

Horieon  distance  [km] 
elevation  [m-msl] 
elevation  angle  [deg] 
tocat ion,  latitude 
long! tude 
Pat  h  bearing 

elevat ion  [m-msl ] 

Other  information: 


Receiver 


S2°01,N 

S°03,E 


52°0$,S0HN 

t°36’1S"E 


OT/mH  16,  fig.  3.142 


Figure  266.  Path  12186,  parameters 


Ml 


path  tin  oo*thuno  *  tot  *  vickhakiaook  c m 


Figure  267.  Pith  12189,  profile  and  predictions. 


Path  Number:  _  ___ _ l  2  14  9 

Code  Number :  J.  J.  J.  J.  _i  JL  J.  J.  J.  J.  J.  J. 

location:  Voxtmni,  Vtit  GtAmantj  -  Uickhcmbxook ,  England 

Data  type _ >900  houxltf  mediant  ,  Distance  4>2.0  kw«hri _ £__ 

N.  314  N-units.  c  i711  km.  Surface  type  average  gxound 

Cl  i ma te  1 *fttctone  ■CewpcAACe  ovtxland _ (  de _ 

Frequency  535 _ MHz,  Transmitter  output  dBW,  EIRP _ 

Ah  64 . 4 _ m,  0 _ mr. 


Antenna  e leva t ion  (m-msll 
gain  [dBi],  main  beam 
height  [m] ,  above  site  surface 
line  loss  (dB) 
polar i zat ion 
type 

Horizon  distance  (km) 
elevation  (m-msl] 
elevation  angle  (degl 
location,  latitude 
long! tude 
Path  bearing 

elevat ion  [m-msl ] 

Other  Informal  ion: 


Transml t  ter 
299.9 


H 


TFJFTw 

7°27,24ME 


Receiver 

134.1 


12.2 


H 


4,65 

_ m _ 

52°ir25"H 

0°33,01,,E 


m-ms  I 


km 

dBW 


OT/mH  16,  iig.  3.137 


Figure  268.  Path  12109,  parameters. 
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1 


»!CKHAW*00«  tM 


Path  Humber:  J  2  1  9  5 


Code  Number:  1125  3004  5211  3  411 

Location:  Vu**e.tdo\&,  it le*t  Germany  -  Wickkambrook,  England 

Data  type  1  i (taA  oi  hounlu  median*  ,  0i stance  ^57.8  ki»,h_  30  , 

N  315  N-unlts. 

a  6729  km.  Surface 

»  9 

type  average  gtiound 

Climate  maritime  temperate.  oveMand 

de 

Frequency  535  MHz, 

Transmitter  output 

dBW,  EIRP  i 

h  67.6  in ,  0 

mr . 

Antenna  elevation  (m-msl) 

Transmi tier 

447.1 

Receiver 

134.1 

gain  (dfli],  main  beam 

height  [m] ,  above  site 

surface 

12.2 

line  loss  (dB] 

polar izat ion 

H 

H 

type 

Horizon  distance  (km] 

4.5 

elevat ion  (m-ms 1 ] 

125.3 

elevation  angle  (deg] 

Location,  latitude 

S101Q'H 

52° 1 1 '25"H 

long! tude 

7°QZ'£ 

o°23,orE 

Path  bearing 

e 1 evat i on  (m-ms 1 ] 

Other  information: 

OT/ TREK  16,  {ig.  3.139 


Figure  270.  Path  12195,  parameters. 
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.  *(■*  «g'fe*W  st  atUtaW^Hij ti  vt'v?l-fii»r 


Path  Number:  _ _ 2  19  6 

Code  Nuiroer:  _J _ 1 _ 2 _ 5^  5  0  0  4  5  2  1  1  3  4  1  1 

Location:  Vu&scldoxl,  Wtit  Gwnxmj  -  Banbaxy,  England 

Data  type _ 1 3000  kcuxty  muUatiA  .  Distance  5 tl.7  km.h^ 

Ns  315  N-unlts.  a  $729  km.  Surface  type  avCAage.  tQOUJU 

Climate  ma/uMm  tempviatt  ovtxland  de 

**** " — 1  *  . .  1  m  —  ■■  ■  ■  ■  ■  M  —  ■  ■«  ■  —  I.  I  ...  ..I  i  II  mtmmrn  ■-— ■  ■  •  -  ....  _ 

Frequency  535 _ MHz ,  Transmitter  output _ dBW,  EIRP 

\h  91 4  4  m .  n  mr . 


Antenna  elevation  [m-msl] 
gain  [dBi],  main  beam 
height  (m] ,  above  site  surface 
line  loss  [dB] 
polar i zat Ion 
type 

Hor i zon  distance  [km] 
elevation  (m-msl) 
elevation  angle  (deq) 

Locat ion ,  latitude 
long i ? ude 
Path  bearing 

elevation  [m-msl] 

Other  information: 


Transmi t  ter  Receiver 

447.1  142 


3 1.4 


H  H 


7.1 
15  3. 


51°20,N  52a02,0SHH 

jlUUL  l°1S,50"U 


OT/rn ft  16,  ^g.  3.140 


Figure  272.  P»th  12196,  parameters 


K ! t  tat t 


Path  Number: _ 1_  2  19  7 

Code  Number  :  J_  J_  _2_  _0  j_iii  _5  J_  J_  J_  _±  J_  J_  J_ 

Location:  CMjhtal  Palace,  England  -  K-otgawood,  England 

Data  type  1 329  hourly  median*  ,  Distance  kw.h  ?5<>  m-msl 

N^  317  N-units.  a  3766  km.  Surface  type  average  ground _ 

Climate  mantUme  tejnpeAale  overland _ _  de _ km 

Frequency  41.5 _ MHz,  Transmi t ter  output _ _ dBW,  EIRP  _ dBW 

i\h _ 0 _ m,  0 _ mr . 


Antenna  elcvat  Ion  (m-msl] 
gain  (dBi),  main  beam 
height  [m] ,  above  site  surface 
line  loss  [dB] 
polar i zat Ion 
type 

Horizon  distance  (km] 
elevation  (m-msl) 
elevation  angle  (deg] 

Locat ion,  latitude 
long i tude 
Path  bearing 

elevat ion  [m-msl ] 

Other  information: 


T ransmi t  ter  Receiver 

226. 5 _ 176.7 


hi 


V 


V 


57°g5>  $1°1ViO*k 

0c04,11h(il  0°12,50"V 


OT /TREK  16,  iig.  1.1 5 


Figure  274.  Path  12197,  parameters. 
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BASIC  TRANSMISSION  LOSS  BASIC  TRANSMISSION  LOSS 
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Figure  275.  Paths  12198  and  12214,  predictions, 
(see  Figure  273  for  profile) 


Path  Number: _ y  9  g 

Code  Number :  J,J_  /  1  3  J  t  I 

locet Ion:  Cfufitat  Palace,  England  -  Kingwood,  England 

«“•  lyp«_  lit  hwUy  -e^W  .  p,  17.9  159 

—————  •  rs - 

km.  Surface  type  average  ground 


3>y  N-units  a  1766 


m-ms  I 


»  “  1  *  "•Mb - - 

C 1 1  mate  m&utime  tempexate  ovutland 


frequency .  5tt,t  NHi.  Transmitter  output 


Ah 


m,  0 


mr . 


Antenna  e leva t Ion  jm-msl] 
gain  (dBl),  main  beam 
height  [m],  abova  site  surface 
line  loss  (dB) 
polar  I/at  ion 
type 

Nor  I /on  distance  (km) 
elevat Ion  [m-ms 1 1 
elevation  angle  [deg] 

Local  ion,  latitude 
I ong 1 1  ude 
Pat h  bea r 1 ng 
elevat ion  (m-msl ) 

Other  information: 


Transmi tter 
29$. 


O' 04'  17"W 


de 


jJBW,  El  HP 


Receiver 

176.7 


9.1 


$ri7'20"H 


0v1V$0*W 


km 


dBW 


0T/TKEK  16,  6<g.  1.16 


Figure  276.  Path  12198,  parameters. 
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Path  Number:  ___ _ j_  t  t  1  4 

Code  Number:  ±±±±  ±  JL  ±  ±  ±±±±  J.  ±  ±  J 
Location:  CKtfAlal  Palacz,  England  -  Ung6u)ood,  England 

Data  type  1  $t9  hourly  midioM  ,  Distance  f 7 . 9  km.h 


N 


317 


N-uni ts 


3766  km. 


C I  imatc  owe  timptAat.i  ovextand 
frequency  66 7 g  HH/.  Transmitter  output 
•‘■h  0 _ m,  0 _  mr. 


iso 

rs— - 

Surface  type  aveteflC  ground 

_  de 


dBW,  EIRP 


Antenna  elevation  (m-msl] 

Qain  (dBi ] ,  main  beam 

height  (mj ,  above  site  surface 

line  loss  ( dB ) 

polarization 

type 

Horizon  distance  [km] 
elevation  [m-msi] 
elevat Ion  angle  (deq] 

Locat ion,  latitude 
long i tude 
Pa t  h  bearing 

elevation  (m-msl] 

Other  information: 


Transm i t  ter 
307.2 


Recc i ver 
176.7 


9.1 


S1o2S'20HN  sflVtO-H 

0°04,17n1ll  0°WS0H1H 


OT/mt  16,  iig.  1.16 


Figure  277.  Path  12214,  parameters 


•ASIC  TRANSMISSION  LOSS  ELEVATION  IN  METERS 


PATHS  2199  2216  DORTMUND  W  GER  -  ALDEBURGH  ENG 


7 1  594  4t| 


Figure  278.  Paths  12199  and  12216,  profile  and  predictions. 


Path  Number: _ L  -1  J.  JL  JL 

Code  Number :  ±  ±  J.  JL  JL  JL  J.  JL  J.J.J.JL  _£  _£  J.  _L 

Location:  Voxtmxnd,  Hlt6t  Genmany  -  ktdtbuXgh,  England 

Oata  type _ 5000  houAly  median*  t  Distance  409,7  km.h^ 

Ns  3?6  N-unlts,  a  3747  km.  Surface  type  Ata  m tLttX 

Climate  moAitim  temperate  oversea _ ,  de _ 

Frequency  533 _ MHz,  Transmitter  output  dBW.  EIRP_ 

Ah  0  m,  (t  mr. 


m-msl 


Antenna  e leva t ion  [m-msl] 
gain  [dB I ] ,  main  beam 
height  [m],  above  site  surface 
line  loss  [dB] 
polar Izat Ion 
type 

Horizon  distance  [km] 
elevation  [m-msl] 
elevation  angle  [deg] 

Locat ion,  latitude 
long! tude 
Path  bear  I ng 

clevat ion  [m-msl ] 

Other  Information: 


Transml t  ter 

199.9 


Receiver 


srso'tt'N 

fll'U'E 


srof$onH 

?036f  f  5**t 


OT/TRER  16,  (ig.  3.156 


Figure  279.  Path  12199,  paraaeters 


Path  Number:  |  2  2  16 

Code  Number :  JLJLJLJL  _5._3.J_J_  5  4  1  1 

Location:  Vontmxnd,  IHtU  Gvmany  -  Ktde.baA.gh,  England 

0ata  type-i  month*  ol  houxlM  mtcUani.  Distance  409,7  km.h  0  w-ms| 


N 


316 


_N-unlts,  a  1747  km.  Surface  type  4e4  uxtftA 


C I  imate  maxitime  tmpeAate  ove/uea 
F  requency 


505 


de 


_HHz,  Transmitter  output 


dBW,  EIRP 


m,  0 


mr 


km 


dBW 


Antenna  elevat !on  (m-msl] 
gain  (dBIJ,  main  beam 
height  fm] ,  above  site  surface 
line  loss  (dS ] 
polar liat Ion 
type 

Horizon  distance  (km] 
elevat ion  (m-msl ) 
elevat Ion  angle  (deg) 

Locat Ion ,  latitude 
I ong 1 1  ude 
Path  bear  I ng 

elevation  (m-msl) 

Other  information: 


T r ansm 1 1 1 er  Receiver 

299.9  14 


1 3.7 


H  H 


SI°30,$$"H  52° OS’ 50MN 

7°27,24"E  1036'15"E 


* 

■I  ■  V 


OT/TKE R  16,  iiq.  3.136 


Figure  280.  Path  12216,  parameters. 
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Path  Number:  _ _ _ 2  2  3  9 

Code  Number:  XJ_JL_L  HH  _L  A.  _L  _L  _£  J.  _L  JL 

Location:  Zama,  Japan  -  Hafeone,  Japan 

Data  type  21 00  houAlu  median*  .  Distance  44.4  km.h 

-  -  rs_ 

Ns  -idl - N-units,  a_  1493  km.  Surface  type  fla 

Climate  cont-inental  tempexate _  de 
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3.9 


H 


46.6 

3,99.7.  . 
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Figure  282.  Path  12239,  parameters 


Path  Number: 


A.X±  ± 


Code  Number :  _l__LJL_LJLJLJLJLJjL*  J  4 

Locution:  So^u,  Japan  -  S&huu.tjama,  Japan 

Data  type _ 600  kouAtij  median*  Distance  >79.5 
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0 
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Figure  284.  Path  12243,  parameters. 
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Figure  28S.  Path  12244,  profile  antf  predictions. 


Path  Number: _ J__  g  ?  4  4 

Code  Number :  J J _3 7_  _f_  jJ_  0_  _£_  _5 2_  1  1  4 

Location:  Saboaiyama,  Japan  -  Uazuke,  Japan 

Data  type  700  houxly  mediant  Distance  U.t 


N 
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_N* units,  a  4493  km.  Surface  type 


C 1  imatc  continental  tempeAate. 


de 
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Figure  286.  Path  12244,  parameters. 
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•ASIC  TRANSMISSION  toss  ELEVATION  IN  METERS 


Path  Number:  _ _ 1  l  \ _ 

Code  Number :  _L  J_  _L  ±±±±  J.J.JLJ.  _£  J_  ±  J_ 

Location:  Itazukt,  Japan  -  Changtan,  Japan 

Data  type  MOO  hourly  median*  .  Distance  2H.5  km  h 

1  . . .  ■  '  rs- 

Ns  - Ei _ N-unlts,  a  3711  km.  Surface  type_ae/t  uattA 

Climate  continental  tcmpvuUe  de 

Frequency  1  775.4  HHg,  Transmitter  output _ dBW,  EIRP 


Antenna  elevation  (m-msl) 
gain  (dBI ) ,  main  beam 
height  [m] ,  above  site  surface 
line  loss  |dB] 
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Figure  288.  Path  12245,  parameters. 
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■ASIC  TRANSMISSION  LOSS  CLCVATION  IN  HfTCBS 


Path  Number: _ L  JL  A.  4  7 

Code  Number:  ±±±±  ±  ±  ±J_  ±  ±1  7  ~4  5  ,  , 

Location:  Chinan,  Japan  *  Vattake,  Japan  - 

0,“*  tvM - WO  titol  Distance  SU.7  „ 
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Figure  290.  Path  12247,  parameters 
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Locat ion: 
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Figure  292.  Path  12259,  parameters. 
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Path  Number:  _ _ _  _2 _ 2_  _6_  0 

Code  Number:  ±±±±  ±±±±  ±1±±  ±  ± -L  1 
Location:  Tokyo  Toima,  Japan  -  Koga,  Japan 

Oata  type  119  houxty  median*  ,  Distance  59.2  km,h 


rs- 


J5 


m-msl 
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10. S 
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Figure  293.  Path  12260,  parameters. 


Path  Number: _ _2 _ 2 _ 6 _ I_ 

Code  Number :  X  _L  X  X  J_  0_  0_  X  X  X  X  XXXX 
Location:  Tokyo  Tom A,  Japan  -  Utiunomiya,  Japan 

Data  type  4tS9  hotUlt/  wetUanA  .  Distance  100-5  km.h| 

Ns  3 02  N-units.  a  tS 09  km.  Surface  type  avtAage.  astound 


Climate  continental  tempetote  de 

. ■"  . . .  m  ■■  M  ■  n  ■■  ■■  . . .  .  ...i  ...  i  ..  %  i -  — 
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Figure  29S.  Path  12261,  parameters 


Path  Number: _ J_  2  2  6  2 

Code  Number :  ±±±±  JLJLJ.J.  JLJ.  _L  _L 

location:  Tokyo  ToweA,  Japan  -  Utbunomiya ,  Japan 
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type 
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Locat ion .  latitude 
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Figure  296.  Path  12262,  parameters. 
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Path  Number: 


_ L  1111 

Code  Number :  J_  J_  _2_  J_  _L  JL  A  J-  JL  _L  _L  JL  _!  _L  _L  _L 
Location:  Tokyo  TotveA,  Japan  -  ffacJUjo,  Japan 

Data  type _ 2163  houAttj  median*  Distance  Hi. 6 _ km,h^ _ 

Ns  310  N-unlts.  a  3641  km.  Surface  type  &ca  nkttCA 

Climate  continental  temperate  d<, 

1  —  — —  ■■  I.  — — —  H  MW  ■  I  t  . . -  - 

frequency  107.  ft _ MHz  ,  Transmitter  output _ dBW,  EIKP _ 

.'.h _ 0 _ m,  0 _ mr. 


Antenrra  e  leva t  ion  (m-msl) 
gain  [dBi],  main  beam 
height  (mj ,  above  site  surface 
l inc  loss  IdB) 
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type 

Hor i zon  distance  (km] 
e I eva t i on  [m-ms I ] 
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Figure  298.  Path  12266,  parameters 


Path  Number: _ _ 7_  l  2  6  7 

Code  Number  :  J _ [ _ 2 _ f_  _3 _ 0 _ 0  _5 _ 3_  _f _ J_  _4 _ 5  1  ? 

Location:  Tofet/o  ToweA,  Japan  -  Hachijo,  Japan 

Data  type _ 112 9  kouAltj  medians  ,  Distance  213.6  km(h 
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Figure  299.  Path  12267,  parameters 


Path  Number: 


- L  _Z._L_Z._I 

Code  Number :  J_J._2._fi.  _i_fi._fi._i  _L_iJ_J_  _£  _£  J_  1 

Location:  Mct/azaki,  Japan  -  kkt/iotoni&aki,  Japan 

Data  type  1 7  8  7  houxttf  mediotU  .  Distance  300.1  km.h  ___ 

\  N-unlts.  a _ <574  km.  Surface  type  4C4  wateA 

Climate  continental  tcmpeAatki  de 

■ ...»  m  .  i.  - ■  —  n  ■  i  •  i 
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polarl/at ion 
type 

Horizon  distance  (km] 
elevat Ion  (m-msl ] 
elevation  angle  (deg) 
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Figure  301.  Path  12279,  parameters. 
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Path  Number: 


Code  Number : 
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Data  type _ 

N 
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Figure  302.  Path  12280,  parameters. 
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Figure  303.  Paths  12281  and  12268  through  12270,  predict 
(see  Figure  300  for  profile) 
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Figure  304.  Path  12281,  parameters. 
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Path  Number: 


i  A  A  A  A 

c°de  Number:  J_ _L  A  A  AAA  A  A  AAA  AAA  A 
Location:  UlyaiokJ.,  Japan  -  MuAotomuaiu.,  Japan 

0ata  type _  339  houAly  median*  .  Distance  300. t  km.h  0 
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Figure  305.  Path  12263,  parameters. 
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Locat ion: 
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Figure  306.  Path  12269,  parameters. 
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Path  Number: _ f_  2  2  7  0 

Code  Number:  A  AAA  A  A  A  A  AAAA  A  AAA 
Location:  HLyazaki,  Japan  -  MuAotcmiAalu,  Japan 
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Figure  307.  Path  12270,  parameters. 
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Path  Number:  _ _ j_  2  2  9  5 

Code  Number :  J_  J_  J_  J_  J_  JL  J_  J-  JL  JL -±  J.  JL  JL  J.  _L 
Location:  Hiijazaki,  Japan  -  Jnami,  Japan 

Data  type  157 3  hourly  medians  .  Distance  416. 2  km.h^ _ 

Ns  306  N-units.  a  <574  km.  Surface  type  aea  t oaten 

Climate  continental  tempenate _ _  de _ 

Frequency  1310 _ MHz,  Transmitter  output _ dBW,  E I RP _ 

Ah _ 0 _ m,  0 _ mr. 


Antenna  elevat Ion  [m-msl] 
gain  [dBI],  main  beam 
height  (m),  above  site  surface 
line  loss  [ d B ] 
polar! zat Ion 
type 

Hor i ton  distance  [km] 
elevation  [m-msl] 
elevation  angle  [deg] 

Locat Ion ,  latitude 
long i t  ode 
Pa t h  bearing 

elevation  [m-msl] 

0 l  her  !  n  forma t  i  on  : 


T  ransml t  ter  Receiver 

20  35 


5 


H  H 


$1°4t'00"N 

33°4S,11HN 

131°27'$6"E 

135b13,32,,i 

OT/TRER  16,  &ig.  3.1S9 


Figure  309.  Path  12295,  parameters 


i 

i 

.} 


♦ 

{ 

i 

J 

i 

j 

I 


Path  Number: _ %  2  9  6 

Code  Number :  J_  J_  J_  J_  J_  _0_  _0_  J_  J.  Ji  J_  J_  J_  _5_  1  1 

Location:  Hitfazaki,  Japan  -  Inami,  Japan 

Data  type  1674  houAZii  wdiani  .  Distance  416.1  km.h 

— —  •  rs- 

Ns  -  306  N-units.  a  $ 574  km.  Surface  type  aea  MCU&K 

Climate  continental  tmpiAatc. _  de 

Frequency  2993  MHz.  Transmitter  output  dBW,  EIRP 

A  h  0  m ,  0 _  m  r  . 


Antenna  elevation  fm-msl] 
qain  [dBi],  main  beam 
height  (m) ,  above  site  surface 
line  loss  ( dS j 
polar izat ion 
type 

Horizon  distance  [km] 
elevation  (m-msl) 
elevation  angle  [deg] 

Locat ion,  latitude 
long i tude 
Path  bear  I ng 

elevation  [m-msl] 

Other  information: 


Transmi tter  Receiver 

20  35 


5 
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3l°4i'00"N 

33° 46' 11 "N 

131°27,S6,'E 

1 35P13'32"E 
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km 

dBW 


OT/TRER  16,  iiq.  3.1 <9 
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PATHS  2350  TO  2355,2378 


Figure  311. 


throuSh  12355  and  123 
profile  and  predictions. 
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Path  Number: _ _ J_  _? _ 3  5  fl 

Code  Number  .  /  J  2 4  1 0 0 4  S  2  1  1  3  2  1  1 

Location:  Baden  Bad  cm,  Wei-t  GeAnany  -  VaAmstadt,  WeAt  GcAnany 

Data  t/pe  677?  bounty  median*  .  Distance  *Z5.J  km.h  90  m-m 

-  -  rs - 

N  29 1 _ N-units,  a  134?  km.  Surface  type  avCAag  c  ground 

Climate  continental  temperate _ _  de _ km 

Freguency  400  _ MHz  ,  Transmitter  output__ _  dBW,  EIRP _ dBW 

.'.h _  0 _ m,  0  mr  , 


Antenna  elevation  [m-msl) 
gain  (dBi),  main  beam 
height  (m) ,  above  site  surface 
I ine  loss  (dB) 
polar i zat ion 
type 

Hor i zon  distance  (km] 
elevation  [m-msl] 
elevation  angle  [deg] 

Locat ion ,  latitude 
long i t  ude 
Pat*'  bearing 

O I eva  t  i on  [m-my | ] 
t  he  r  inf  orna  t  i on : 


Transmi t  ter  Recc i ver 

— m _ in _ 


2/ 


H  H 


4g°4$'51 .?"W 

49°5f  * 54"N 

..S°I6'51.S”E 

_ fiV33HE _ 

OT/m R  16,  4<g.  f  .35 


figure  312.  Path  12350,  parameters. 
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Path  Number:  _ _ _ f_  2  3  5  1 

Code  Number :  _J.  J _ 2_  _£  __L  JL  -fl.  -£  -i_2.-i.-i-  _J._2.-i.-i 

Location:  Baden  Baden,  UtU  Gtnmany  *  tkwMtxdt,  WfcA-t  Gtwvuty 

Data  type _ 7042  kouXttj  median*  ,  Distance  >25.  ? 

N  ill  N-units.  a  4342  km.  Surface  type  average  flAQtuui 

Climate  continental  tempeAate _ _ _  <1* _ „ 

Frequency  4QQ _ HHz,  Transmitter  output  dBI4,  E!RP_ _ 

,\h  0  m,  0 _  _ mr . 


Antenna  clcvat  ion  (m-msl) 
c  1 1 n  [d0 1 ) ,  main  beam 
lie  i  yht  [m] ,  above  site  surface 
I i ne  loss  (dB) 
polar i zat ion 
type 

Hor i zon  distance  (Km) 
elevat  Ion  (m-m*,  I  1 
elevation  angle  [degl 
Locat ion ,  latitude 
I onq i t  ude 
Pal h  bear ing 

e I evat ion  [m-ms I ) 

Other  information: 


Transmitter  Recc 1 ver 

677 _ W.,.L. 


1LJ. 


u _ n 


4S°  45151  _Ji! UliTK 

,  J°37*33."£ 


m-ms 


km 

dBW 


(7T/TRER  16,  fa.  ».35 


Figure  313.  Path  12351,  parameters. 
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Path  Number; _ _J_  2  3  5  2 

Code  Number  :  J_  J_  J_  J_  J_  J_  J.  _ £  _iJ._L._L  _1  _i  _L  JL 
Location;  Baden  Baden,  Wei-C  Gvmany  -  Da un&tadt,  Itlut  Gvma&y 

Oata  type  1623  howitij  medcdJtA  Distance  725.1  km.h 

N  297  N-units.  a  1342  Rm.  Surface  type  average  <Mo 


Climate  coittotcnfaf  Cfynpetafe 


F requenc  y 


HH? ,  Transmitter  output 


_dBW,  EIRP_ 


Transml t  ter 


Antenna  elevation  [m-msl] 
gain  [ d  8  i  ] ,  main  beam 
height  (mj ,  above  site  surface 
line  loss  ( d 6 ) 
polar i iat ion 
type 

Hor i /on  distance  (km) 
elevat ion  (m-ms I ) 
elevation  angle  [deg) 

Locat ion ,  latitude 
I ong i t  ude 
Pat  h  bearing 

elevation  (m-msll 
Other  information: 


4S°4 5'51.2"H 
t0l6'$1.5"t 


Rccc i ver 

767.5 


49°5> ’ 54"N 
«037'33ME 


OT/TRtR  76,  ilg.  7.35 


Figure  314.  Path  12352,  parameters 
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Path  Number: 


1  t  3  5  3 


Code  Number : 


liii 


locat Ion : 
Data  type 

_ 

Cl  I ma t e 


Baden  Baden,  West  Gtwatxy  -  VeumAtadt,  Wut  Germany 
3 HO  hotuity  medians  t  Distance  *25,1  kff)»hri 

121 _ N'uni  ts  ,  a  <342  Km.  Surface  type _ average. flMWlrf, 

continental  temperate _ _  de _ 


frequency  a<?<;  MH?,  Transmitter  output  dBW,  EIRP 

,\h _ fl  m,  « _ mr  . 


Antenna  e leva t ion  (m-msl) 
gain  [dBl ] ,  main  beam 
height  |m] ,  above  it  to  surface 
line  loss  (d«J) 
polar l*at ion 
type 

Hor 1 fpn  distance  (km) 
e I evat i on  (m-ms 1 1 
elevation  angle  (deg) 

Locat ' on ,  I  a  t i l ude 
long i t  ude 
Pat n  bearing 

elevation  (m-ms I ) 

0 1 her  i nf  orma  t ion ; 


Transm i 1 1  er  Rece i ver 

699  14 7 


H  H 


4S°4  S'SI-TN  49°SI,54"N 
<°I6*  s; . B°3  7  *  33"C 


m-ms  I 

km 

dBW 


OT/TRER  16,  ^g.  f.35 


igure  315.  Path  12353,  parameters. 
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Path  Number: _ _j_  2  3  3  4 

Code  Number :  JL  2.  2.  2.  J.  JL  JL  Ji  _±  Z  ?  /  3  2  1  I 

Location:  Badtn  Badtn,  W ut  Otnmntj  -  JkumMadt,  (Hut  Gumany 

0ata  type  4197  hountu  medians  .  Distance  [25J  km.h  _ 90 

\  - — _ N-un Its,  a  fff£  km.  Surface  type  a.vtnagt  ground 

Climate  continental  temptAa-te 


Frequency  6425  MHz,  Transmitter  output _ dBW,  EIRP 

Ah _ 0 _ m,  0  mr, 


Antenna  elevation  [m-msl) 

9a I n  (dBi ) ,  main  beam 

height  [ml,  above  site  surface 

I ine  loss  [dB] 

polar i zat Ion 

type 

Ho* I *on  distance  (km) 
etevat Ion  [m-ms I ) 
clevat ion  angle  [deg] 

Locat Ion,  latitude 
long  1 1  ude 
Path  bearing 

elevation  [m-msl] 

Other  information: 


Transmi t  ter 


Receiver 


jr^SF.nv 

S°16,5 J.5"£ 


49°51 '54"H 

S°37,33HB 


OT/mK  16,  iig,  1.33 


Figure  316.  Path  12354,  parameters. 


Code  Number : 
locat ion: 
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Path  Number:  _ 

_L  J_ _L _i_  _L  ±±±  1111 

Bade*  Bade a,  WeAt  Germany  -  VaMMtadt,  WeAt  Gtumny 


Data  type _ 693t  hou\tu  median*  ,  Distance  125.?  kw»hr- 

Ns  HL  N-uni  ts .  a  <3 42  km.  Surface  type  avtHaae  aKOtmd 

Climate  continental  tan  pe  suite. _ _  de _ 


Frequency  6425 _ NHi,  Transmitter  output _ dBW,  EIRP 

Ah  0 _ m,  0 _  mr  . 


m-ms  I 


km 

dBW 


Antenna  elevat ion  (m-msl) 
gain  (dBi],  main  beam 
height  (m) ,  above  site  surface 
I i ne  loss  { dB ] 
polar i *at ion 
type 

Hor 1 2on  distance  (km) 
elevat Ion  (m-ms I ) 
elevation  angle  (deg) 

Locat Ion ,  latitude 
1 ong i t  ude 
Pa  t_h  bear  i  ng 

elevat i on  (m-ms I ) 

Other  information: 


T  ransmi t  ter  Rece I ver 

69  9  16  7 


41 


H  H 


4i045'51.2HH 

49°51 ' 54"N 

t°3V33NE 

OT/TRER  16,  &ig.  1.35 


Figure  317.  Path  12355,  parameters. 


Path  Number:  _  1  2  $  7  t 

Code  Number :  J_JLJL_£  _5  7  7  7  ~3  2  1  J 

Location:  8<ufeit  Baden,  UeAt  Gttnany  -  Wut  GeAmany 

0ata  type - 111 1  hotjA^y  wdiatu  .  Oistance_J«:j____tUT(ih  9 0 

Ns  — — - N‘un,ts,  a — jjjj  km.  Surface  type  average  g/toun, 


c  1  imate _ continental  temveAate 


frequency — 6S25  HHz.  Transmitter  output 


de 


Ah 


m ,  1 1 


J*BW,  E|Rp_ 


mr . 


Antenna  e leva t Ion  (m-msl] 
gain  (dfii],  main  beam 
height  [m] ,  above  site  surface 
I ine  loss  [d8] 
polar izat ion 
type 

Hor I  ton  distance  (km] 
elevo 1 1  on  (m-ms I ] 
elevation  angle  (deg] 

Locat ion.  I  a  t i t  ude 
long i tude 
Path  bear i ng 

e  leva  t  i or,  (m-ms  I  ] 

Other  • 'iformat  ion  : 


Transmi tter 
69  9 


Receiver 
167. 5 


41. 5 


H  H 


4td4S'S1.2”N 

49*SV$4”H 

t°16’Sl.S”E 

7  *  33**E 

OT/TRER  16,  iig.  1.3 5 


Figure  318.  Path  12378,  parameters 
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Path  Number: 


1  2  3  5  8 


Code  Number:  _LJL._3__9_«LJ).A4  $21]  3211 

Location:  FeUbcxg,  It /at  GeAmMy  HteZnltadt,  IVaFocAnemy 

0dta  **«>• _ Lfif£  .  Distance  4?. 7  kfTKh  J0 

- N- units,  a —  8416  km.  Surface  type  aveAage  gxouttd 

Climate  continental  tempvurfe.  de  * 

Frequency  9339. S  HH*.  Transmitter  output  ‘  dBW  riPP 

-,,h _ 119.9  m.  ft  m. 


Antenna  elevat ion  [m-msl] 
gain  (dBi ) ,  main  beam 
height  [m] ,  above  site  surface 
I ine  loss  [dB] 
polar i *at ion 


T ransmi t  ter 

910 


Receiver 

159 


Horizon  distance  (km] 
elevat Ion  (m-ms I ) 
elevat Ion  angle  (deg) 
Locat ion.  1  a  t i t  ude 
I onq i t  ude 
Pat  ft  bear i ng 

elevat ion  (m-msl ] 

Ot  her  information: 


$0  13'59.2"H 
l°27,$2.7*  f 


49U51'54"N 

S°3r33"E 


0T/TUE9  16,  lig.  1.31 


Figure  320.  Path  12358,  parameters 
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Path  Number:  _  1  2  3  6  1 

Code  Number :  J_  J_  J_  ±±77~j_77T~}  l  1  , 

Cocet  Ion:  Hoc kbtautn.  I tut  8™,,  -  OvmitacU, 

Oata  type  *?37  hounly  median*  919  t 

- - - — -  Distance,  km.h 

r$- 


97 


294  - - - - •  —  «■  km.  h  _ */ 

4  ^  un^s*  a — km.  Surface  type  ciwiage  ground 

Climate  continental  tempeAate  — - - — - - 

T7T~ - - - — — — - _ .  de 


frequency  5/6 

Ah  1 93*79 


m,  0 


_MH*.  Transmitter  output 


_dBW,  EIRP 


mr . 


Antenna  elevation  (m-msl] 
gain  ( d 8 i ) ,  main  beam 
height  (m) ,  above  site  surface 
line  loss  (d8j 
polar  i/at  ion 

type 

Hor 1 /on  distance  (km] 
elevation  (m-msl] 
e levat ion  angle  (deg] 
locat ion,  latitude 
long i t  ude 
Pat  h  bearing 

elevation  [m-msl] 

Of  her  information: 


Transmitter  Receiver 

116S  164 


37.7? 


97 


OT/me  16.  fig.  3. 16 7 


Figure  322.  Path  12361,  parameters 
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Path  Number: _ f_  _3 _ 6_  ? 

Code  Number :  J_  J_  _2_  _5_  ±±±±  _5_  2_  _?_  J_  _3_  _2_  J_  J_ 

Location:  Hochblautn,  DleAt  GtAmny  -  Pamtadt,  WfcU  Germany 

|  '  Data  type  504  houXly  mccUanA  ,  Distance  242. 1  kin,hri  ^  m-msl 

j  N  294  N-unlts.  a  *356  km.  Surface  type  avvtagi  g\otmd 

Climate  contLne.nia.1  temp&uUe _ t  de _ km 

*  frequency  516 _ MHz,  Transmitter  output  dBW.  EIRP _ dBW 

A h  1 93.9 _ m ,  0 _ m r  . 

Transmi t  ter  Receiver 

Antenna  elevation  (m-msl)  1165  1 60 

gain  (dBl),  main  beam  _ 

height  ( m  1 .  above  site  surface  _______________  34 

line  loss  [d8] 
polar  I zat Ion 
type 

Hor 1 zon  distance  (km) 
elevation  (m-msl) 
elevation  angle  (deg) 

Locat ion,  latitude 
longitude 

|  Path  bearing 

clcvat Ion  (m-msl 1 
j  *  Other  Information: 

I 

i 

0T/TRER  16,  tig.  5.167 


H  H 


_ _  52.7? 

_ 2L_ 

47° 46'  f  9MW  49°S1 *54hU 

7  °42'06"E  ~FJ77TFF 


Figure  323.  Path  12362,  parameters. 
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Path  Number: 


1 


Code  Number 
Locat Ion: 
Data  type 
N 


_ 

_ L  __1  _5 _ I  _J  J?  _J  J_  i_  J_  _L  J_  JL  i_  J_ 

Hochbbuun,  Nut  GeAmtuj  -  VaAMtadt ,  Nut  GtAmany 

6241  houAtiJ  mediate  ,  Distance  142.1 _ km,h.  97 


-  -  rs. - 

s  794  N-unlts.  a  4346 _ km,  Surface  type  avfc^mgg  g Hound 

Climate  continutal  template _ _  de _ 

Frequency  1450 

Ah 


m-ms  I 


193.9  m ,  o 


_HHz,  Transmitter  output 
mr . 


dBW,  EIRP 


Antenna  elevation  (m-msl] 
gain  IdBI],  main  beam 
height  (m) ,  above  site  surface 
line  loss  ( dB ] 
polar Izat Ion 
type 

Hor I  ton  distance  (kmj 
elevation  (m-msl] 
elevation  angle  (deg] 
locat ion .  latitude 
long  I tude 
Pat  h  bearing 

elevation  (m-msl) 

0 t!ier  information: 


Transml t  ter 

1166 


47V46'19"N 
7  °42,06"E 


Receiver 

166. 5 


40.5 


37.7? 


97. 


49  5 1 ' S4MN 


4  37* 33"E 


km 


dBW 


0T/TRER  16,  $-ig.  3.167 


Figure  324.  Path  12360,  parameters. 
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Path  Number:  ;  2  3  6  ) 

Code  Number :  J_  J_  2_  _S_  _L  0_  0_  ±  5_  2_  J_  T  "1  2  1  1 
Location:  Hotni&g tindc ,  U'ca*  GcAmamy  -  Datum  tadt,  Wc6t  GeAmamj 

0atd  typc _ 2100  houUy  median*  .  Distance  Mg. 6  JQQ 

N  N-umts.  a  33/4  _ km,  Surface  type  average  qKound 

_  .  de 


>  -  •  «  —  • 

C I  i ma t e  cp*>toten&il  tempaAate 


Frequency  5/6 

*.h 


?39.  J 


m .  (• 


_HHz ,  Transmitter  output 
mr . 


_dBW,  E | RP 


Antenna  elevation  (m-msl) 

^a t n  [dB i ) .  main  beam 

height  (mj ,  ,i*ovc  site  surface 
line  loss  (dB] 
polar  i/at  ion 

type 

Hor i*on  distance  (km] 
elevat  ion  ,  -i-ms  I  ] 
e levat ion  ang I*  [deg] 

Locat ion ,  ! a  t i t ude 
I ong i t  ude 
Pa  t  h  bearing 

e levat i on  ( n-m% 1 ] 

Ot  hpr  information: 


Transmit  ter  Receiver 

H5  0  163.5 
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«  H 


142.6 

m.i. 


48r36'49.4"H  49°5f ,$4"H 

tC12'12.rF  l°37'33"F 


OT/TRER  16,  iia.  1.36 


Figure  326.  Path  12363, 


parameters 


Path  Number: _ [_  _2_  _4_  _J_ 

Code  Number  :  J_  J_ _ ? 5_  _J £_  _5_  _J_  _2_  _L  _J_ 

Honni&gfunda,  We&t  GtAmantj  -  VaAmitaeU,  WcAt  GeAmantj 


Local  Ion : 
Data  type 


4S 55  houXlu  w tdianA  ,  Distance  142.6  km.h 


rs* 


100 


N 


s 


i’39 


H-unlts,  a  1314 


Climate  continental  tcnpeAate 


km.  Surface  type  average  ground 
de 


Frequency _ 

Ah  2S9. ; 


516 


MH*,  Transmitter  output 
mr . 


Antenna  c levat ion  (m-msl) 
gain  [dBl ] ,  main  beam 
height  [m] ,  above  site  surface 
line  loss  [dB] 
polar i <at Ion 
type 

Hor  i  ;ton  distance  1km] 
clevat ion  (m-msl ] 
elevation  angle  (deg] 

Locat ion ,  latitude 
long i t  ude 
Path  bearing 

e levat ion  (m-ms I ] 

Other  informal  ion: 


Transmi tter 

ns  o 


4rUU9U^M. 

t012'12.2nE 


dBW,  EIRP 


Receiver 
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44 


142.6 


1135. 


49°  i  US4ZUL 
8°37,33"E 
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km 


dBW 


OT /TVER  16,  li4.  1.36 


Figure  327.  Path  12441,  parameters. 
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rath  Number: _ _J_  2  5  6  4 

Code  Number :  J_  J_  _£J>  J  JL  _£  _±  _A  JL  J_  J_  _i  _2  _l  _1 
Location:  HoKni&g>Undc ,  i'eAt  Germany  -  VaniMtadt,  tUCAt  Germany 

Data  type _ 60S 7  hourly  medians  ,  Distance  142.6  km.h  100 

Ns  ££2 _ N-unlts,  <  SSN _ km,  Surface  type  ground 

Climate  continental  tempexate  d„  ~~ 

. .  1  ■  - — ——  i  ■  ■  ■  . .  «  -  -  -  _ 

frequency  HHz.  Transmitter  output _ dBW,  E  I  RP 

Ah  2  S9 .  1  m .  n  mr . 


Antenna  elevation  (m-ms I ] 
gain  (dBi),  main  beam 
height  [m) ,  above  site  surface 
line  loss  (dB) 
polar i*at ion 
type 

Hor i /on  distance  (km) 
c I c va  1 1  on  [m-ms I J 
elevation  angle  [deg] 

Locat  von ,  latitude 
1 ong i t  udc 
Path  bearing 

elevation  (m*ms I ) 

Other  i nf  ormat i on : 


T  ransm ' tier 
It  S3 


Rece i ver 
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56 
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1135. 

4S036'49.4”H  49PS1'54HU 
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or/^eR  n,  mg.  1.56 


l-igurc  328.  Path  12364,  pararoctcrs. 
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Path  Number: _ l_  _ 4  4  2 

Code  Number  :  J _ 1_  2_  _5_  _ 0 _ 0_  _4_  _5 _ 2 _ | _ _3 _ _J, _ [_ 

location:  HcvUig'Undc,  Itle-it  GeAmantj  -  Va-HMtadt,  We4*  Germany 
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Figure  329 .  Path  12442,  parameters. 
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Figure  331.  Path  12365,  parameters. 
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Mgure  332.  Path  12366,  paraneters. 
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Figure  333.  P*th  12440,  peraarcters . 
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Figure  334.  Path  12443,  parameters. 
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Figure  336.  Path  12370,  parameters. 
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Figure  338.  Path  12371,  parameters. 
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Figure  559.  Paths  12372  and  12383,  profile  and  predictions 
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Figure  340.  Path  12372,  parameters 
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Figure  341.  Path  12383,  parameters 


m-msl 


■ti* 


[LEV 


at!  W'-Mt  IWWro  »W*vv'  .(WMVffiWMWn 


M™  2SW  rCLO*t»ft/TAUNUS  i  6CR  -  OOMCRSKR6  »  tC* 


20  3®  40  50  jq 

Ki  Uktttrt 

0"  10. 0  k»  r»  4727. o  NHt 


—  Okt«r«H 
Pr#4iet#4: 


'*  «  99  99  99.9  99.99 

wtNT  nut 

Figure  342.  Path  12339,  profile  and  predictions. 


*:  -  •*  V  ,  , -s5  r  j  ~,y4Y  , 


Path  Humber: _ L  _? _ L 

Code  Number:  J_  ±  ±  ±  ±±±±  ±1±±  ±±±± 
Location:  Fe*<ibe/tg/Tauito6,  Ww*  Germany  -  VonnitebtA#,  VtM  Gvumny 


Data  tvoe  79 1  kouhty  mexUani 


Distance  <0.0  km,h 


rs- 


250 


29  0 


N-unlts,  a  t$2t 


C 1 1 mate  cjontintntut  <empe*ftte_ 


km.  Surface  type  AVtAAgt  gn/>und_ 
de  _ 


Frequency 
Ah  419.7 


4727 


m,  8 


HHz ,  Transmitter  output^ 
mr . 


Antenna  elevation  [m-msll 


gain  [dSI ] .  main  beam 

height  (m],  above  site  surface 

line  loss  [dB] 

polarization 

type 

Horizon  distance  (km] 
elevation  (m*msl] 
elevation  angle  (deg] 

Location,  latitude 
longitude 
Path  bearing 

elevation  (m-msl] 

Other  information: 


Transml tter 

71? 


H 


50°  14*  32"N 


a°29'!7”E 


dBW,  EIRP. 


Receiver 

715 


29 


H 


76.7 


66  3 


49°37  *  3I#*W 


7°55'ir± 


m 


OT/mR  16,  iiQ.  J.  34 


Figure  343.  Path  12389,  parameters 
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Figure  344.  Peth  12391,  profile  end  predictions . 


Path  Number: _ J_  Hil 

Code  Number:  J_  _L  J  J  LLLL  1111  1111 

Location:  VonneMbcAg,  Vtit  GeAmny  -  Fe^eAa/Schutt/tattt&i,  W tit  Giimny 
Data  tvoe  1264  hourly  mediant  Pittance  Uj^i  ,k<"»hr$  350  -- 

N  330  N-unl ts ,  a_i£lL__km.  Surface  type  flvW9t  9Mutld 

Climate  continental  CempgAoCe _ _ _ _ _ _ .  de - 

Frequency  4417  HHz,  Transmitter  output _ dBW,  EIRP - 


dBW,  EIRP 


Antenna  elevation  [m-msl] 
gain  [dBl J ,  main  beam 
height  (m] ,  above  site  surface 
line  lost  [dB] 
polar Izat ion 
type 

Horizon  distance  [km] 
elevation  (m-msll 
elevation  angle  [deg] 

Location,  latitude 


long! tude 
Path  bearing 

elevation  (m-msl] 
Other  information: 


Transml tter 
695.7 


Receiver 


47°52,f5"N 


OT/mtt  16,  £tg.  f.  36 


Figure  345.  Path  12391,  parameters 
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Figure  347.  Path  12401,  parameters 
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Figure  348.  Path  12419,  profile  and  predictions. 
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Figure  349.  Path  12419,  para»eters 
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Figure  351.  Path  12444,  parameters. 
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Figure  352.  Paths  1244S  and  12446,  profile  and  predictions. 
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Figure  353.  Path  12445,  parameters 
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Figure  354.  Path  12446,  parameters. 
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RSMS  DATA 


In  this  section  predictions  made  with  the  IF-77  model  and 
other  propagation  models  of  Table  2  (i.e.,  ESSA  1970,  Egli,  FCC, 
Free  Space,  Longley-Rice  with  estimated  horizon  parameters  [24, 
p.  12],  and  Okumura)  are  compared  with  data  collected  during  the 
summer  of  1975  by  the  ITS  Radio  Spectrum  Measurement  System 
(RSMS).  About  167  hours  of  data  taken  over  six  paths  are  involved 
(Table  1).  The  information  provided  here  has  not  been  formally 
published  but  is  based  on  material  used  in  an  oral  presentation 
titled  "San  Francisco  RSMS  ptopagation  data  >  comparison  with 
predictions,"  which  was  given  by  G.  D.  Gierhart  at  the  Denver/ 
Boulder  Chapter  IEEE/AP-S  Symposium  on  May  7,  1976.  Path  param- 
eters  and  profiles  are  shown  in  Figures  3S5  through  364  at  the 
end  of  this  section.  They  are  grouped  by  path  number,  as  shown 
in  the  List  of  Figures. 

Table  8  provides  received  signal  level  statistics  for  these 
paths.  Effective  heights  determined  for  use  with  various  propa¬ 
gation  models  are  given  in  Table  9.  Table  10  provides  the  dif¬ 
ference,  AL,  between  median  basic  transmission  levels  predicted 
via  the  various  models  and  those  observed  for  all  six  paths. 

Here  AL  is  calculated  using  median  received  power  levels  as  shown 
in  Table  3. 

Statistics  associated  with  AL  for  various  model-height  com¬ 
binations  are  also  given  in  Table  10,  and  some  observations  con¬ 
cerning  these  statistics  are  as  follows: 

(1)  If  reasonable  effective  heights  are  used,  all 
models  produce  predictions  with  a  AL  of  10  dB 
or  less. 

(2)  Every  model-height  combination  results  in  at  least 
one  AL  with  a  magnitude  greater  than  10  dB,  but 
three  combinations  come  within  3  dB  of  measurements 
made  over  the  only  nonline-of -sight  path  (30003, 

Fig.  360)  in  the  group. 

(3)  Predictions  made  with  the  Okumura  model  always 
result  in  free  space  values,  but  ranking  by  5T 
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Table  8.  Paths  30001  through  30006  Received  Signal  Level  Stat 


MhMxiWNW.r 


..  1 

l 

\ 

Table  9.  Paths  30001  through  30006  Effective  Antenna 

Heights  (Meters)  1 


30001 

30002 

30003 

30004 

30005 

30006 

*. 

-  4  4  0119111  A  UC1 - 

GMF(a) 

10.7 

10.7 

16.8 

16.8 

9.1 

4.6 

GROUND (b) 

12.2 

12.2 

16.8 

16.8 

9.1 

4.6 

ESSA  70(c) 

822 

1013.6 

24.7 

566.2 

805.7 

4.6 

EGLI(d) 

722 

739.7 

481.7 

500 

722 

.  .. 

FCC(d) 

722 

739.7 

481.7 

500 

722 

— 

ip. 77(e) 

873 

1018 

16.8 

578 

873 

4.6 

LONGLEY-RICE(f) 

21.9 

21. 5 

26.2 

25.9 

18.9 

13.6 

-  - -Receiver . 

GROUND^ 

10.7 

10.7 

10.7 

10.7 

10.7 

10.7 

ESSA  70(b) 

10.7 

117.5 

10.7 

85.3 

10.7 

128.8 

EGLI(r) 

10.7 

10.7 

10.7 

10.7 

10.7 

10.7 

FCC'M 

10 

10 

10 

10 

10 

10 

IF-77(e) 

10.7 

1 S  7 

40.5 

103.1 

10.7 

154.3 

LONGLEY-RICE(f) 

20.4 

20.1 

20.3 

20.1 

20.4 

17.8 

(a)  Height  above  site  surface  given  in  the  Government  Master 
File  (GMF)  of  frequency  assignments. 

(b)  Actual  height  above  site  surface  as  obtained  from  station 
operating  personnel. 

(c)  Obtained  by  a  statistical  analysis  of  terrain  data  that  is 

a  part  of  the  computer  program  used  for  the  ESSA  1970  predictions 
(Telecommunications  analysis  services  reference  guide,  an  infor¬ 
mal  OT/ITS  document). 

(d)  Height  above  average  terrain  that  is  along  the  profile  2  to 
10  mi  (3  to  16  km).  An  effective  transmitting  antenna  height  for 
path  30006  is  not  available  since  the  antenna  is  below  the  average 
terrain  (Fig.  364). 

(e)  Estimated  from  observation  of  path  profiles. 

(f)  Estimated  from  the  terrain  parameter  Ah  using  the  siting 
option  for  maximum  effective  heights  (24,  p.  11}. 

(g)  Taken  as  height  above  ground  for  the  receiving  antenna. 

(h)  Maximum  receiving  antenna  height  for  which  model  curves 
are  applicable. 
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Table  10.  Paths  30001  through  30006  AL  Statistics 
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caused  it  to  be  rated  above  the  Free  Space 
model.  The  lower  ZX  was  obtained  because  the 
height  above  average  terrain  problem  (Table  9) 
prevented  the  use  of  the  Okumura  model  for  path 
30006. 

(4)  Free  Space  is  the  simplest  model  to  use  and  is  a 
part  of  most  other  models.  It  just  happens  to 
provide  reasonable  estimates  on  the  average  for 
the  mostly  (S  of  6)  line-of-sight  paths  considered 
in  this  section.  But  it  can  result  in  large 
errors  for  nonline-of- sight  paths;  e.g.,  AL  for 
path  30003  is  -20  dB. 

(5)  The  poor  performance  of  the  Longley-Rice  area 
mode  model  and  the  F.gli  model  with  heights  above 
ground  is  not  surprising  since  they  are  really 
not  applicable  to  paths  of  this  type  (Table  2). 

(6)  The  ESSA  1970  GMF  predictions  were  performed 
using  unaltered  data  from  the  Government  Master 
File  (GMF)  of  frequency  assignments  (except 
where  the  GMF  frequency  did  not  correspond  to 
the  frequency  in  use)  and  the  master  terrain 
data  file.  This  means  that  both  equipment  and 
terrain  parameters  differ  for  this  prediction 
set;  e.g.»  antenna  gain  differences  as  much  as 
24  dB  occurred.  For  other  predictions,  terrain 
information  obtained  from  our  master  terrain 
data  file  was  supplemented  with  data  obtained 
from  7 , S  minute  topographic  maps.  Despite  these 
handicaps,  the  ESSA  1970  GMF  combination  was  not 
the  worst  performer,  and  the  magnitude  of  XT 
was  only  8  dB.  However,  the  Free  Space  model 
was  ranked  above  it  so  that  the  use  of  accurate 
equipment  parameters  is  an  important  part  of  the 
prediction  process. 
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Figure  3SS 
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Figure  362.  Path  30004,  profile,  San  Francisco  to 
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Figure  365.  Path  30006,  parameters 
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Reference:  Longley,  A.  G.,  R.  K.  Reasoner,  and  V.  L.  Fuller 
(19711 ,  Measured  and  predicted  long-term  distributions  of  tropo¬ 
spheric  transmission  loss,  OT  Telecom*.  Res.  and  Eng.  Rept. 

OT/TRER  16  (NTIS ,  COM-75-11205). 

Abstract:  This  report  summarizes  measurements  of  tropospheric 
transmission  loss  and  its  long-term  variability  for  nearly  800  4 

paths  in  various  parts  of  the  world.  The  measurements  were  made 
at  frequencies  from  40  MHz  to  10  GHz  over  distances  which  range 
fro*  10  to  1000  km.  Terrain  profiles  and  cumulative  distribu¬ 
tions  of  both  observed  and  predicted  losses  are  plotted  for  more 
than  500  of  these  paths.  A  preliminary  analysis  of  differences  * 

between  observed  and  predicted  values  is  included. 

Key  Words:  Cumulative  distributions,  location  variability,  long¬ 
term  variability,  measurements,  predictions,  tropospheric  propa- 
gat ion. 

Remarks:  This  source  contains  approximately  2.89  million  hours 
of  data  of  which  about  866,000  hours  are  associated  with  the 
paths  used  in  this  report. 


Figure  Al.  Source  1  information  sheet. 
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APPENDIX  A.  AERONAUTICAL  PROPAGATION  DATA  POOL 

To  aid  in  the  validation  and  improvement  of  propagation 
models  such  as  the  IF-77  model.  NTIA/ITS  has  started  to  pool  data 
relevant  to  tropospheric  radio  propagation  over  aeronautical  type 
propagation  paths;  i.e..  paths  such  as  air/ground,  air/air, 
ground/satellite,  and  point-to-point  paths  where  at  least  one 
antenna  is  high  enough  so  that  terrain  is  not  an  important  con¬ 
sideration  or  is  only  an  important  consideration  for  one  terminal. 
This  data  pool  may  be  considered  as  an  extension  of  the  tropo¬ 
spheric  radio  propagation  data  pool  (26]  to  include  aeronautical 

paths . 

Data  source  documents  are  retained  at  NTIA/ITS,  and  data  are 
extracted  from  them  as  required.  Information  concerning  the 
sources  of  the  data  used  in  this  report  are  provided  in  Section 
A.  1 . 

To  aid  in  managing  the  data,  a  path  number  and  a  code  number 
are  assigned  to  each  path.  These  are  discussed  in  Section  A. 2. 

Path  parameters  are  tabulated  on  a  parameter  sheet  to  allow 
ready  access  to  path  parameter  information.  The  form  used  for 
this  purpose  is  the  form  used  to  provide  such  information  through¬ 
out  the  main  text  of  this  report.  However,  an  item-by-item  dis¬ 
cussion  of  the  form  is  provided  in  Section  A. 3. 

A. 1  SOURCE  INFORMATION 

Information  on  source  documents  for  data  assigned  to  the 
aeronautical  propagation  data  pool  is  summarized  on  source  infor¬ 
mation  sheets.  The  information  contained  on  such  sheets  consists 
of  the  source  number,  document  reference,  abstract,  key  words, 
and  other  remarks  that  may  be  appropriate.  Source  sheets  for  the 
data  sources  associated  with  the  data  used  in  Section  4  are  pro¬ 
vided  in  Figures  A1  through  A4. 
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Source  Number  2 


Reference!  Gierhart,  G.  D.,  A.  P.  Barsis,  M.  E.  Johnson,  E.  M. 

Grey,  end  F.  M.  Cepps  (1971),  Anelysis  of  air-ground  radio  wave 
propagation  measurements  at  800  MHz,  OT  Telecomm.  Res.  and  Eng. 

Rept.  OT/TRER  21  (NTIS,  COM-75-10830/AS) . 

Abstract:  An  analysis  is  presented  of  air-ground  radio  wave 
propagation  measurements,  which  were  performed  using  an  airborne  4 

transmission  source  at  approximately  6400  m  above  msl.  Receiving 
antennas  were  slightly  within  and  beyond  1 ine-of-sight  of  the 
airborne  transmitters.  Received  signal  level  data  were  obtained 
on  823.75  MHz  and  847.75  MHz.  Data  were  analyzed  for  short-term 
and  long-term  statistics  of  basic  transmission  loss.  Long-term  i 

fading  range  statistics  were  compared  with  values  calculated 
using  a  modified  Longley-Rice  model  and  good  (^  1  percent)  agree¬ 
ment  was  obtained.  This  model  appears  to  underestimate  the 
long-term  median  transmission  loss  by  about  3  dB. 

Kev  words:  Air-ground  communications,  transmission  loss,  tropo¬ 
spheric  propagation,  MPATT  (Midwest  Program  on  Airborne  Televi¬ 
sion  Instruction). 

Remarks:  This  source  contains  approximately  4130  hours  of 
measured  data. 


Figure  A2.  Source  2  information  sheet. 


1 


396 


Source  Number  3 


Reference:  Gierhart,  G.  D.  (1976),  San  Francisco  RSMS  propaga¬ 
tion  data- -comparisons  with  predictions,  informal  oral  presenta¬ 
tion  given  during  the  Denver/Boulder  Chapter  IEEE/AP-S  Symposium 
on  May  7  ,  1976 . 

Abstract:  During  the  summer  of  197S,  the  OT/ITS  Radio  Spectrum 
Measurement  System  (RSMS)  was  deployed  for  the  OTP  in  the  San 
Francisco  area  to  collect  usage  data  on  Federal  VHF/UHF  Land 
Mobile  Radio  (LMR) .  Signal  level  statistics  for  six  "base-to- 
base"  type  paths  were  developed  and  compared  with  predictions 
made  via  several  models.  Best  agreement  was  obtained  with  the 
IF* 77  model,  but  the  simple  free  space  model  provided  good  esti¬ 
mates  for  the  five  line-of-sight  paths. 

Kev  Words:  Land  mobile  radio  (LMR),  radio  spectrum  measurement 
system  (RSMS),  radio  wave  propagation. 

Remarks:  This  source  contains  approximately  167  hours  of  mea¬ 
sured  data. 


Figure  A3.  Source  3  information  sheet. 


Source  Number  4 


Reference:  Everhart,  R.  E.  (1975),  Airborne  measurements  of 
VOR/Localizer  signal  strength  and  desired-to-undesired  signal 
ratios,  DOT  Rept.  FAA-RD-7S-16S,  I  (NTIS;  ADA  030502). 

Abstract:  This  report  contains  the  results  of  airborne  tests  to 
obtain  VHF  Navaid  signal  strength  measurements  and  also  facility 
flyability  recordings  with  two  different  Localizer  and  VOR 
Facility  spacings.  The  tests  were  conducted  with  the  VOR  and 
Localizer  transmitters  on  adjacent  channels.  The  data  presented 
are  measurements  of  the  signal  strengths  of  the  facilities 
examined  as  well  as  crosspointer  deviation  and  flag  currents. 

Volume  I  -  VOR  and  Localizer  Free  Space  Interactions,  Chickasha, 
Oklahoma. 

Key  Words:  VOR,  localizer,  field  strength  signal  ratios,  spec¬ 
trum  management. 

Remarks : 

(1)  The  VOR  and  ILS  localizer  signals  were  measured 
and  recorded  simultaneously. 

(2)  D/U  ratios  are  plotted  for  simultaneous  measure¬ 
ments.  This  source  contains  approximately  20  hours 
of  measured  data. 


Figure  A4.  Source  4  information  sheet. 
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A. 2  PATH  AND  CODE  NUMBERS 

To  aid  in  the  managing  of  the  data  and  path  numbers,  a  path 
code  number  is  assigned  to  each  path  that  is  associated  with  data 

in  the  aeronautical  propagation  data  pool. 

Path  numbers  are  in  two  parts  where  the  portion  of  the  num¬ 
ber  to  the  left  of  the  fourth  place  is  the  source  number  (Sec. 
4.1).  The  four  right-hand  numbers  are  the  path  numbers  used 
within  the  source  document  or  are  somewhat  arbitrarily  assigned 
to  the  paths  considered  in  the  document,  usually  by  order  of 
occurrence.  For  example,  in  10031,  1  is  the  source  number  and 
31  is  the  path  number  assigned  to  this  path  in  the  source  docu¬ 
ment  (Fig .  42) . 

Code  numbers  are  used  to  characterize  paths  (or  documents) 
so  that  sorting  to  obtain  paths  with  particular  characteristics 
can  easily  be  accomplished.  Two  digits  of  the  16  digit  code 
number  are  used  for  each  of  eight  categories  as  illustrated  in 
Figure  AS.  Code  numbers  within  each  category  are  defined  in 
Tables  A1  through  A8 ,  where  each  figure  relates  to  a  different 
category.  Note  that  many  numbers  8T6  currently  undefined  so  that 
growth  can  be  accommodated. 
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SAMPLE  CODE  NUMBER 


DIGITS 


02  14  30  04  52  11  07  31 


DIGITS 

CATEGORY 

TABLE 

TRANSLATION 

1  5  2 

Data 

A1 

02 

Propagation  data 

3  5  4 

Frequency 

A2 

14 

VHF  (30  to  300  MHz) 

S  5  6 

Propagat ion 

A3 

30 

Forward  scatter-general 

7  fi  8 

Path 

A4 

04 

Point-to-point 

9  a  io 

Topical 

A5 

52 

Irregular  terrain 

ii  a  12 

Variability 

A6 

11 

Hourly  median 

13  a  14 

Location 

A7 

07 

Middle  latitude 

is  a  i6 

Source 

AG 

31 

Technical  journal 

1 


Figure  AS.  Code  number  categories. 


Table  A1 .  Path  Code  Number,  Content 


01 

Propagation  theory 

02 

Propagation  data 

03 

Both  of  above 

04 

Meteorological 

theory 

05 

Meteorological 

data 

06 

Both  of  above 

07 

Terrain  theory 

08 

Terrain  data 

CO 

Both  of  above 

10 

Predictions 

11 

Data  and  prediction 

12 

D/U  ratios 
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Table  A2.  Path  Code  Number,  Frequency 


01 

General 

39 

9  to  10  GHz 

10 

VLF  (to  30  kHz) 

41 

10  to  20  GHz 

11 

LP  (30  to  300  kHz) 

42 

20  to  30  GHz 

12 

MF  (300  to  3000  kHz) 

43 

30  to  40  GHz 

13 

HF  (3  to  30  MHz) 

44 

40  to  50  GHz 

l 

14 

VHF  (30  to  300  MHz) 

4  S 

50  to  60  GHz 

15 

UHF  (300  to  3000  MHz) 

46 

60  to  70  GHz 

16 

SHF  (3  to  30  GHz) 

47 

70  to  80  GHz 

17 

EHF  (30  to  300  GHz) 

48 

80  to  90  GHz 

18 

Over  300  GHz 

49 

90  to  100  GHz 

19 

Microwave 

20 

20  to  >100  MHz 

51 

100  to  200  GHz 

21 

100  to  200  MHz 

52 

200  to  300  GHz 

22 

200  to  300  MHz 

S3 

300  to  400  GHz 

23 

300  to  400  MHz 

54 

400  to  500  GHz 

24 

400  to  500  MHz 

55 

500  to  600  GHz 

25 

500  to  600  MHz 

56 

600  to  700  GHz 

26 

600  to  700  MHz 

57 

700  to  800  GHz 

27 

700  to  800  MHz 

58 

800  to  900  GHz 

28 

800  to  900  MHz 

59 

900  to  1000  GHz 

29 

900  to  1000  MHz 

60 

Over  1000  GHz 

31 

1  to  2  GHz 

32 

2  to  3  GHz 

33 

3  to  4  GHz 

34 

4  to  5  GHz 

35 

5  to  6  GHz 

36 

6  to  7  GHz 

37 

7  to  8  GHz 

38 

8  to  9  GHz 

401 


Table  A3.  Path  Code  Nuaber,  Propagati 


01  General 
10  Line-of-sight 

20  General  diffraction 

21  Single  knife  edge 

22  Rounded  knife  edge 

23  Rounded  earth 

24  Double  knife  edge 

25  Multiple  knife  edge 

30  forward  scatter  -  genera  1 


Table  A4.  Path  Code  Number,  Path 

01  General 

02  Area  (prediction) 

03  Broadcast 
04  Point-to-point 
05  Ground  to  air 
06  Air  to  ground 
07  Air  to  air 
08  Ground  to  satellite 
09  Air  to  satellite 
10  Satellite  to  satellite 


Table  AS.  Path  Code  Number,  Topical 


01 

General 

72 

VOR 

73 

VORTAC 

10 

Equipment  -  general 

74 

TACAN 

11 

Antennas 

75 

MLS 

76 

Glide  slope 

20 

Reflection  coefficient 

21 

Divergence 

22 

Sea  state  or  reflection 

23 

Multipath 

24 

Folding 

30 

Meteorology  -  general 

31 

Cl  imates 

32 

Ray  bending 

33 

Atmospheric  absorption 

35 

Rain  attenuation 

40 

Ionospheric  scintillation 

SO 

Terrain-general 

51 

Smooth  earth 

52 

Irregular  terrain 

53 

Sea  state 

55 

Buildings 

56 

Foliage 

59 

Surface  constants 

70 

Nav  aids 

71 

ILS  localizer 

i 

i 
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Table  A6.  Path  Code  Number,  Variability 


01  General 

10  Long  term 

11  Hourly  medians 

2.0  Short  term 
30  location  variability 


Table  A7 .  Path  Code  Number,  Location 


01 

General 

40 

Asia 

02 

N  Hemisphere 

41 

S  Vietnam 

03 

S  Hemisphere 

42 

Malay  Peninsula 

04 

Artie 

43 

India 

05 

Antart ic 

44 

Korea 

06 

Equator ial 

45 

Japan 

07 

Middle  latitude 

50 

Austral  ia 

11 

Mountains 

12 

Plains 

60 

Canada 

13 

Sea  coast 

61 

East  Coast 

14 

Sea 

62 

Hudson  Bay 

63 

Great  Lakes 

20 

United  States 

64 

Central  Plain 

21 

NE  Sea  Board 

65 

West  Coast 

22 

SI-  Sea  Board 

66 

Yukon 

23 

Gulf  Coast 

67 

Northeast 

24 

Great  Lakes 

25 

South  Pacific  Coast 

26 

NW  Coast 

27 

Rocky  Mountains 

28 

Central  Plains 

30 

Europe 

31 

British  Isles 

32 

Germany 

33 

Mediterranean 

34 

English  Channel 

35 

North  Sea 

36 

Scandinavia 

37  Italy 


Table  A8.  Path  Code  Number,  Source 

01  Informal  talk 
02  Private  letter 
03  Working  papers 

10  Technical  memorandum 

11  Technical  report 

12  Monograph 

13  Unpublished  report 

21  Paper  presented  at 
conference 

22  CCIR  documents 

23  ICAO  documents 

31  Technical  journal 

32  Scientific  magazine 

33  Generul  magazine 

41  Book 

4  2  F.ncyc  lopedia 
43  Atlas 


A. 3  PATH  PARAMETERS 

Path  parameter  sheets  have  been  used  previously  in  this 
report;  e.g.,  Figure  1.  They  provide  information  on  the  path, 
much  of  which  is  useful  in  making  propagation  predictions.  A 
sample  parameter  sheet  form  is  shown  in  Figure  A6.  A  short 
discussion  of  each  parameter  sheet  item  is  provided  in  the 
remainder  of  this  section.  These  discussions  are  ordered  as 
their  subject  items  are  ordered  in  Figure  A6. 

PATH  NUMBER.  This  is  a  unique  number  assigned  to  each 
path  (Sec .  A. 2) . 

CODE  NUMBER.  This  is  a  code  number  used  to  charac¬ 
terize  the  path  (Sec.  A. 2). 

LOCATION.  This  is  the  name(s)  associated  with  the 
transmitter  and  receiver  location  such  as  a  city. 

DATA  TYPE.  This  is  a  brief  characterization  of  the 
kind  of  data  such  as  "hourly  median  variability  of 
received  power"  or  "instantaneous  voltage  across 
receiver  input  versus  path  length." 

DISTANCE,  this  is  the  great  circle  distance  between 
the  transmitting  and  receiving  antennas.  It  is  often 
used  as  an  independent  variable  in  graphs  associated 
with  the  IP-77  model  and  is  required  in  such  cases  to 
relate  propagation  predictions  to  measured  data. 

hrs.  This  is  the  effective  reflecting  plane  eleva¬ 
tion  above  nsl.  It  is  related  to  an  optional  input 
parameter  (Table  4)  of  the  I F - 77  model  [21,  Sec.  4.1, 
EFFECTIVE  REFLECTION  SURFACE  ELEVATION  discussion]. 

-s  or  V  Surface  refractivity  or  surface  refractivity 
referred  to  sea  level  are  optional  input  parameters 
(Table  4)  of  the  IF-77  model  [21,  Sec.  4.1,  REFRAC¬ 
TIVITY  discussion]. 


407 


Path  Number: 


Code  Number :  _ _ ___ _ _ _  _ _ _ _ _ _ 

Location: 

Data  type  _ 01  stance _ k»,h _ »-msl 

H%  _ N-units,  a _ km,  Surface  type _ 

Climate _ __ _ _  t 

Frequency _ _JtMz,  Transmitter  output  d8W.  E I RP  dBW 

Ah _  m,  6  mr . 

Transmitter  Receiver 

Antenna  elevation  lm-mslj  _ __  . 

gain  (d#i),  main  beam  ___________________ 

height  [m] ,  above  site  surface  _ _ _ _ _ 

line  loss  (dB ] _ _ _ 

polarization  ___________ 

type  _ _ 

Horizon  distance  (km) _ _ _ _ 

elevation  (m-mst]  ______________  _____________ 

elevation  angle  (deg)  _____________ 

locat  ion,  latitude  ____________ 

longitude  _ _ 

Path  bearing  ___________  ______________ 

elevation  [m-msl )  __________  ___________ 

Other  information: 


Figure  A6,  Staple  parameter  sheet. 
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a.  Effective  earth  radius  is  an  optional  input  param¬ 
eter  (Table  4)  of  the  IF-77  model  (21,  Sec.  4.1, 

REFRACT I VI TY  discussion]. 

SURFACE  TYPE.  This  is  the  type  of  surface  (e.g., 
average  ground,  sea  water,  etc.)  that  characterizes 
the  portion  of  the  earth's  surface  from  which  surface 
reflection  may  occur.  It  is  an  optional  parameter 
(Table  4)  of  the  IF-77  model  (21,  Sec.  4.1,  SURFACE 
TYPE  OPTIONS  discussion]. 

CLIMATE.  This  is  the  climate  type  (e.g.,  continental 
temperate,  maritime  oversea,  etc.)  most  applicable  to 
the  path.  It  is  an  optional  input  parameter  (Table  4) 
for  the  IF-77  model  (21,  Sec.  4.1,  TIME  AVAILABILITY 
CLIMATES  OR  TIME  BLOCKS  discussion]. 

d  .  Effective  distance  as  computed  by  the  IF-77  model 
(16,  Sec.  4.3,  CLIMATES  discussion]. 

FREQUENCY .  Radio  frequency  is  a  primary  input  param¬ 
eter  (Table  4)  of  the  IF-77  model  (21,  Sec.  4.1, 
FREQUENCY  discussion]. 

TRANSMITTER  OUTPUT.  Transmitter  output  power  may  be 
used  to  determine  the  EIRP  of  the  transmitting  antenna, 
but  is  not  an  input  parameter  to  the  IF-77  model. 

EIRP.  Equivalent  isotropically  radiated  power  is  the 
power  radiated  from  the  transmitter  increased  by  the 
antenna's  main  beam  gain.  It  is  an  optional  input 
parameter  (Table  4)  for  the  IF-77  model  (21,  Sec.  4.1, 
EIRP  discussion] . 

Ah.  The  terrain  parameter  developed  by  Longley-Rice 
(24,  Sec.  2*2]  is  an  optional  input  parameter  (Table 
4)  of  the  IF-77  model  (21,  Sec.  4.1,  TERRAIN  PARAM¬ 
ETER  discussion] . 


THETA.  This  is  the  angle  between  radio  horizon  rays 
in  the  great  circle  plane  defined  by  antenna  locations 
[33,  Sec.  6].  This  angle  is  sometimes  called  "angular 
distance,"  "scatter  angle,"  "diffraction  angle,"  or 
just  "theta."  It  is  a  key  parameter  in  propagation 
via  forward  scatter  and  diffraction  and  is  sometimes 
used  to  characterize  data  collected  over  such  paths. 
Values  for  theta  are  calculated  within  the  IF-77 
model  from  path  geometry. 

ANTENNA  ELEVATION.  These  are  the  elevations  of  the 
transmitting  and  receiving  antennas  above  mean-sea* 
level  (msl).  They  are  primary  input  parameters  (Table 
4)  of  the  IF-77  model  (21,  Sec.  4.1,  AIRCRAFT  (OR 
HIGHER)  ANTENNA  and  FACILITY  (OR  LOWER)  ANTENNA 
HEIGHT  discussions]. 

ANTENNA  GAIN  [dBi],  MAIN  BEAM.  These  are  the  main 
beam  antenna  gains.  They  are  optional  input  param¬ 
eters  (Table  4)  to  the  IF-77  model  (21,  Sec.  4.1, 

GAIN,  RECEIVING  ANTENNA  discussions]. 

ANTENNA  HEIGHT  ABOVE  SITE  SURFACE.  These  are  the 
elevations  of  the  earth's  surface  just  below  the 
transmitting  and  receiving  antenna.  They  are  related 
to  an  optional  input  parameter  (Table  4)  of  the  IF-77 
model  (21,  Sec.  4.1,  TERRAIN  ELEVATION  discussion]. 

ANTENNA  LINE  LOSS.  Line  losses  are  used  to  obtain 
transmitting  antenna  input  power  from  transmitter 
output  power  or  receiver  input  power  from  receiving 
antenna  output  power.  Here  line  loss  is  taken  to 
mean  all  losses  associated  with  the  transmission  line 
between  the  transmitter  and  transmitting  antenna  or 
the  receiving  antenna  and  receiver. 
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ANTF.NNA  POLARIZATION.  Polarization  is  an  optional  input 
parameter  (Table  4)  of  the  IF*77  Model  [21,  Sec.  4.1, 
FACILITY  ANTENNA  POLARIZATION  OPTIONS  discussion]. 

ANTENNA  TYPE.  This  is  a  brief  note  concerning  the 
kinds  of  antennas  used  at  the  transmitter  and  receiver 
(e.g.,  dipole,  dish,  etc.).  Some  specific  antenna 
type  options  (Table  4)  are  available  in  the  IF-77 
model  [21,  Sec.  4.1,  FACILITY  ANTENNA  TYPE  OPTIONS 
discussion).  Other  types  of  antennas  are  handled  if 
the  vertical  patterns  are  known. 

HORIZON  DISTANCE.  These  are  antenna-to-radio-horizon 
distances.  They  are  related  to  an  optional  input 
parameter  (Table  4)  of  the  IF-77  model  [21,  Sec.  4.1, 
HORIZON  OBSTACLE  DISTANCE  from  FACILITY  discussion). 

HORIZON  ELEVATION.  These  are  radio  horizon  elevations 
for  the  transmitter  and  receiver.  They  are  related  to 
an  optional  input  parameter  (Table  4)  for  the  IF-77 
model  [21,  Sec.  4.1,  HORIZON  OBSTACLE  HEIGHT  discus¬ 
sion]  . 

HORIZON  ELEVATION  ANCLE.  These  are  the  radio  horizon 
elevation  angles  at  the  transmitter  and  receiver.  They 
are  related  to  an  optional  input  (Table  4)  parameter 
of  the  IF-77  model  [20,  Sec.  4.1,  HORIZON  OBSTACLE 
ELEVATION  ANGLE  ABOVE  HORIZONTAL  AT  FACILITY  discus¬ 
sion]  . 

LOCATION  LATITUDE,  LONGITUDE.  These  provide  transmitter 
and  receiver  locations. 

PATH  BEARING.  The  bearing  of  the  transmitter  site 
from  the  receiving  site  is  listed  under  transmitter 
bearing  and  vice  versa. 

PATH  ELEVATION.  These  are  the  path  (terrain)  eleva¬ 
tions  at  the  transmitting  and  receiving  sites. 
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OTHER  INFORMATION.  Any  other  information  that  is 
pertinent  to  the  path  (or  data)  may  be  listed  here 
i.e.,  the  source  of  the  information. 
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APPENDIX  B.  ABBREVIATIONS,  ACRONYMS,  AND  SYMBOLS 

This  list  includes  most  of  the  abbreviations,  acronyms,  and 
symbols  used  in  this  report.  Many  are  similar  to  those  pre- 
viously  used  in  other  reports  [IS,  16,  20]. 

In  the  following  list,  the  English  alphabet  precedes  the 
Greek  alphabet,  letters  precede  numbers,  and  lower-case  letters 
precede  upper-case  letters.  Miscellaneous  symbols  and  notations 
are  given  after  the  alphabetical  items. 


ADUDD 

ARD 

ATOA 

A/C 

CCIR 

dB 

dBi 

dBm 

dBW 


DME 

DOC 

DOT 

D/U 


Effective  earth  radius  [5,  Eq.  20]. 

A  program  name  [21,  Table  1] . 

Aviation  Research  and  Development. 

A  program  name  [21,  Table  1]. 

Aircraft. 

International  Radio  Consultative  Committee. 

Decibels,  10  log  (dimensionless  ratio  of 
powers) . 

Antenna  gain  in  decibels  greater  than 
isotropic. 

Power  in  decibels  greater  than  1  milliwatt. 

Power  in  decibels  greater  than  1  watt. 

Effective  distance  [15,  Eq.  177]. 

The  largest  distance  in  the  line-of-sight 
region  at  which  diffraction  effects 
associated  with  terrain  are  considered 
negligible  [16,  Eq.  61]. 

Distance  Measuring  Equipment. 

United  States  Department  of  Commerce. 

United  States  Department  of  Transportation. 

Desired-to-undesired  signal  ratio  [dBl 
available  at  the  output  of  an  ideal  (loss 
less)  receiving  antenna. 


EHF 

EIRP 

ESSA 

ESSA-1970 

£ 

fss 

ft 

PAA 

FCC 

F.S. 


CiHz 

GMF 


H 

HF 

ICAO 

IEEE 


IF-  73 

IF-  77 

ILS 

ITS 

kHz 

km 

LF 

LMR 


Extremely  High  Frequency. 

Equivalent  isotropically  radiated  power  [dBW]  . 
Environmental  Science  Services  Administration. 
A  propagation  model  (Table  2) . 

Frequency. 

Facility  site  surface. 

Feet. 

Federal  Aviation  Administration. 

Federal  Communications  Commission. 

A  level  based  on  the  Free  Space  propagation 
model  (Table  2). 

Gigahert z  (10^  Hz) . 

Government  Master  File  of  frequency 
assignments. 

Effective  reflecting  plane  elevation  above 
msl  [Sec .  A. 3] . 

Horizontally  polarized  antenna. 

High  Frequency  (3  to  30  MHz). 

International  Civil  Aviation  Organization. 

Institute  of  Electrical  and  Electronic 
Engineers. 

ITS-FAA- 1973  propagation  model  (Sec.  3). 
ITS-FAA- 1977  propagation  model  (Table  2). 
instrument  Landing  System, 
institute  for  Telecommunication  Sciences. 
Kilohertz  (103  Hz). 

Kilometer  (103  m) . 

Low  Frequency  (30  to  300  kHz) . 

Land  Mobile  Radio. 


LOC 

Lbf 

Hm 

m 

msl 

MAX  |  A  I,  | 

MF 

MHz 

MLS 

MPATI 

n  mi 
Nm 

NTIA 

NT  IS 
"o 

Ns 

N-units 

OT 

OT/TRER- 21 


Horizontal  guidance  portion  (LOCalizer)  of 
the  instrument  landing  system. 

Basic  transmission  loss;  i.e.,  between 
isotropic  antennas. 

Median  basic  transmission  loss. 

Meters . 

Mean  sea  level. 

MAXimum  absolute  value  of  AL  with  the  sign 
oT“AL  retained. 

Median  Frequency  (300  to  3000  kHz) . 

Megahertz  (10^  Hz) . 

Microwave  Landing  System. 

Midwest  Program  on  Airborne  Television 
Instruction . 

Nautical  miles. 

Nautical  miles. 

National  Telecommunications  and  Information 
Administration. 

National  Technical  Information  Service. 

Minimum  monthly  mean  surface  refractivity 
(n-units)  referred  to  mean  sea  level  (Sec. 

A.  3) . 

Minimum  monthly  surface  refractivity  [N- 
units)  (Sec .  A. 3) . 

Units  of  refractivity  corresponding  to 
(refractive  index  -1)  *  10*. 

Office  of  Telecommunications  (an  agency  that 
Fas  been  replaced  by  MTIA) . 

The  propagation  model  used  in  the  OT/TRER-21 
report  (Table  2) . 


PR 

Median  received  power  levels  as  used  in 
Equation  2. 

r 

Ray  path  length. 

ms 

Root  mean  square. 

RD 

Research  and  Development  service  of  the  FAA. 

RSMS 

Radio  Spectrum  Measurement  System. 

SHF  . 

Super-High  Frequency  (3  to  30  GHz) . 

TACAN 

TACtical  Air  Navigation,  an  air  navigation 
aid  used  to  provide  aircraft  with  distance 
and  bearing  information. 

TNI  01 

A  propagation  model  that  uses  the  methods 
and  equations  of  Technical  Note  101  (Table 

2 ) . 

UHF 

Ultra  High  Frequency  (300  to  3000  MHz). 

V 

Vertically  polarized  antenna. 

VHP 

Very  High  Frequency  (30  to  300  MHz). 

VLF 

Very  how  Frequency  (to  30  kHz). 

VOR 

VHF  Omni-Directional  Range,  an  air  naviga¬ 
tion  aid  used  to  provide  aircraft  with 
bearing  information. 

VORTAC 

A  combined  VOR  and  TACAN  facility. 

Ah 

Terrain  parameter  used  to  characterize 
terrain. 

AL 

Difference  between  the  predicted  and  the 
observed  median  basic  transmission  loss 
(Table  3). 

ST 

Mean  value  of  AL. 

6 

Scattering  angle  used  in  tropospheric  scat¬ 
ter  calculations.  It  is  the  angle  between 
transmitter  horizon  to  common  volume  ray 
and  the  common  volume  to  receiver  horizon 
ray  as  both  leave  their  crossover  point. 

0h 

Direct  ray  arrival  angle  used  on  MPATI  pro¬ 
file  Figures  32,  34,  38,  and  40. 

Microvolts  (10  ^  v< 
Ohms . 

Degrees;  e.g.  ,  12* 
Minutes ;  e.g.,  32 * 
Seconds;  e.g.,  14" 
Degrees  Celsius. 
Degrees  Fahrenheit 
Approximately. 
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